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Description 



The present method relates to the field of biochemistry and more specifically relates to a method of making mi- 
croparticles for use in diagnostics, therapeutics, and research. 

5 

Background of the Invention 

Microparticies. microspheres, and microcapsules, referred to herein collectively as ■microparticies* are solid par- 
tides having a diameter of less than one millimeter, more preferably less than 100 urn, which can be formed of a variety 
io of materials, including synthetic polymers, proteins, and polysaccharides. Microparticies have been used in many dif- 
ferent applications, primarily separations, diagnostics, and drug delivery. 

The most well known examples of microparticies used in separations techniques are those which are formed of 
polymers of either synthetic or protein origin, such as poiyacrylamide, hydroxyapatite or agarose, which are used to 
separate molecules such as proteins based on molecular weight and/or ionic charge, or by interaction with molecules 
is chemically couoled to the microparticies. 

In the diagnostic area, microparticies are most frequently used in the form of a microparticle which serves to 
immobilize an enzyme, substrate for the enzyme, or labelled antibody, which is then interacted with a molecule to be 
detected, either directly or indirectly. * 
In the controlled drug delivery area, microparticies are formed in mixture with molecules to be encapsulated within 
20 the microparticies, for subsequent release. A number of different techniques are routinely used to make these micro- 
particles from synthetic polymers, natural polymers, proteins and polysaccharides, including phase separation, solvent 
evaporation, emulsification, and spray drying. t 

Microparticies may also be created as a byproduct of separations technology, for example, in some precipitation 
processes, such as preexcitation with ammonium sulfate. However, in these cases, the precipitate is collected and 
2S compacted by centrifugation and/or filtration, then redissorved in a solvent to separate out the precipitating agent, the 
salt, from the molecule precipitated with the salt. Accordingly, the microparticies are unstable and function solely as 
an intermediate product not as the end product per se. 

Soherical beads or particles have been commercially available as a tool for biochemists for many-years. For ex- 
ample antibodies are often conjugated to beads to create relatively large particles specific for particular ligands. The 
20 large antibody-coated particles are routinely used to crosslink receptors on the surface of a cell for cellular activation, 
are bound to a solid phase for immunoaffinity purification, or are used to deliver a therapeutic agent that is slowly 
released over time at a distant site, using tissue or tumor-specific antibodies conjugated to the panicles to target the 
agent to the desired site. 

The most common method of covalentry binding an antibody to a solid phase matrix is to actrvate a bead wrth a 
35 chemical conjugation agent and then bind the antibody to the activated bead. The use of a synthetic polymeric bead 
rather than a protein molecule allows the use of much harsher activation conditions than many proteins can sustain, 
is relatively inexDensive, and often yields a linkage that is stable to a wide range of denaturing conditions. A number 
of activated beads are commercially available, all with various constituents and sizes. Beads formed from synthetic 
polymers such as poiyacrylamide. polyacrylic, polystyrene, or latex are commercially available from numerous sources 
-=o such as Sio-Rad Laboratories, Richmond. California and LKB Produkter. Stockholm, Sweden. Beadformed from natural 
macromolecuies and oarticies such as aoarose, crossiinked agarose, globulin, deoxyribose nucleic acid, and liposomes 
are commercially available from sources such as Sio-Rad Laboratories. Richmond. California: Pharmacia, Piscataway, 
NY- and IBF (France). Beads formed from copolymers of poiyacryiamide and agarose are commercially available from 
sources such as IBF and Pharmacia. Magnetic beads are commercially available from sources such as Oynai Inc., 

--S5 Great Neck. NY. 

UK patent application oublication numberGS 2:079.937 cescribes the binding of an antibooy or antigen to the wail 
surface of a microcaosule via a crosslinking agent such as gtutaraidehyde. The microcapsule is defined as a wail 
matenai having encacsulated therein an oily substance as the core. The wail material is prepared by reacting a poly- 
functional comoound such as a poivfunctional isocyanate. isothiocyanate, acid chloride, or epoxy compound with a 
so substance having the desired functional group, such as an amino group, a carboxy or hydroxy group or a mercapto 

^European Patent Aoolication oublication number 0.1 06.495 describes a reagent for the detection of viral antibodies 
in which a viral antioen is covalently bonded to a carrier particie using a crosslinking agent such as gtutaraioenyae. 
The earner particle is described as a gelatin panicle, poiyacrylamide panicle, poiyurethane microcapsules ana microoiai 
55 cells such as serratia. polystyrene latex and carbon powder. 

UK oatent aoplicaticn publication number GS 2,002.319 describes a process for the oehydration of liposomes oy 
Ivoahilizaucn. The lioosomes are first mixed with a hydrophiiic compound such as polyvinylpyrrolidone ceiore ivopni- 
lization The hyoroDhilic comoouno is described as stabilizing additive that protects the ficosomes ci the cenyoratea 
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product and keeps them in condition suitable for further use. 

European Patent Application publication number 0,414,223 describes the binding of an immunologically active 
materia] to solid fine particles and then drying the particles by lyophilization. The particles are particles from organisms 
such as bacteria dispersed into erythrocytes, inorganic particles such as silica, alumina and bentonite, and organic 
particles such as homopolymers and copolymers of vinyl monomers such as styrene, vinytchloride, acryionitrile, vinly- 
acetate, acrylic acid ester, methacrylate ester, etc. These particles are lyophilized either before or after the immuno- 
logically active material has been bound to the surface of the particles with a crosslinking agent such as glutaraldehyde. 

Database WPI AN68-136322/JP 86 223230 describes the addition of prostaglandin E to ethanoi containing poly- 
vinylpyrrolidone and polyethylene glycol to produce a stable prostaglandin film. 

As the wide variety of materials and applications indicates, there is an on-going need for development of new 
methods for making and using microparticies, particularly those that can be adapted for use in the separations, diag- 
nostic and drug delivery area, rather than in just one application. 

It is therefore an object of the present invention to provide stable microparticies and a process for making the 
microparticies that is relatively simple, rapid, and inexpensive. 

It is a further abject of the present invention to provide microparticies that have a high affinity and specificity for a 
target molecule. 

It is a further object of the present invention to provide microparticies that are not absorbed when administered in 
vivo. 

It is a further object of the present invention to provide microparticies for use in separations techniques, especially 
affinity chromatography. 

it is a further object of the present invention lo provide microparticies for use in medical and diagnostic applications, 
such as target-specific drug delivery and histopathologic^! or in vivo tissue or tumor imaging. 

Summary of the Invention 

The object is met by a microparticle composition comprising crosslinked macromoiecules in juxtaposition with a 
dehydrating agent, wherein the dehydrating agent is a solution containing polyvinylpyrrolidone and polyethylene glycol 
and wherein the microparticle composition is obtainable by incubating the macromolecule with the dehydrating agent 
at a temperature greater than room temperature and/or in the presence of a crosslinking agent for a sufficient amount 
of time to form microparticies. 

The present invention also relates to a method for making a microparticle comprising crosslinked macromoiecules 
in juxtaposition with a dehydrating agent, which method comprises the steps of: 

a) incubating a macromolecule with a dehydrating agent at a temperature greater than room temperature and/or ~ 
in the presence of a crosslin king agent for a sufficient amount of time to form microparticies, wherein the dehydrating 
agent is a solution containing polyvinylpyrrolidone and polyethylene glycol, and 

b) separating the particles from the incubation mixture. 

Another aspect of the present invention is a method for isolating a target molecule from a complex mixture con- 
taining the molecule comprising the steps of: 

a) mixing the complex mixture with a macrcmofecular microparticle, having affinity for the target molecule, lor a 
sufficient amount of time to allow the target molecule to bind to the macromolecule, 

wherein the microparticle comprises macromoiecules in a liquid phase crosslinked in juxtaposition to a dehydrating 
agent, wherein the dehydrating agent is a solution containing polyvinylpyrrolidone and polyethylene glycol and 
^wherein the microparticle is obtainable by incubating the macromolecule with the dehydrating agent at a temper- 
ature greater than roorn terriperature arid/or in the presence of a crosslinking agent for a sufficient amount of time 
to form microparticies. and 

b) separating the bound target molecule from the complex mixture. 

A further aspect of the present invention is a method for detecting a target biomolecule in a sample comprising: 

a) combining with the sampie a microparticle composition comprising a macromolecuie crosslinked in juxtaposition 
to a dehydrating agent, wherein the dehydrating agent is a solution containing polyvinylpyrrolidone and polyeth- 
ylene glycol, wherein the microparticle composition is obtainable by incubating the macromolecuie with the dehy- 
drating agent at a temperature greater than room temperature anci/or in the presence of a crossfinktng agent for 
a sufficient amount of time to form mtcropanicies. and wherein the macromolecuie comprises an affinity molecule 
specific for the target biomolecule labelled with a aetecrable imaging agent, and 
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b) detecting the detectable imaging agent. 

Another aspect of the present invention is a kit for the preparation of a microparticie comprising cross.'inked mac- 
romoiecuies in juxtaposition with a dehydrating agent, which kit comprises: 

5 

a) a dehydrating agent containing a solution of polyvinylpyrrolidone and polyethylene glycol and 

b) a crosslinking agent selected from the group consisting of dialdehydes, amines, multivalent ions, N-substituted 
maieimides. brfunctional alkyl haiides, aryl halides, isocyanates. aliphatic or aromatic dicarboxyiic acids, aliphatic 
or aromatic disufphonic acids, Afunctional imidoesters, and vinylsulphones. 

70 

Microparticies, methods of production, and methods of use thereof are provided based on methods for 'dehydrat- 
ing* macromoiecules such as proteins, carbohydrates, polysaccharides, nucleic acids, viruses, virus particles, organic 
or inorganic synthetic pharmaceutical drugs, or any mixture thereof: and forming the macromolecule microparticie s by 
incubation in the presence of heat or 'crosslinking* the macromoiecules while in a liquid phase. The macromoiecules 
is are dehydrated using an agent that effectively dehydrates all but "pockets* of macromoiecules that remain dissolved 
or suspended in an aqueous phase by dehydration with a solution containing polyvinylpyrrolidone and polyethylene 
glycol. The macromolecuies can consist of drugs, biologically active molecules, carrier molecules, affinity molecules 
or mixtures thereof. 

Microparticies are formed by incubation of the dehydrated macromolecuies for a predetermined length of time at 
20 a temperature greater than room temperature. Alternatively, at various temperatures, the macromolecuies are 
crossiinked to form microparticies using a crosslinking agent such as glutaraldehyde or other agents such as amines, 
muitivafent ions, and multifunctional molecules that have an 'affinity" for specific reactive groups on the macromolecule 
being crossiinked. 

The microparticies are then separated from the dehydration agent and excess crosslinking agent, if present, by 
2S separation methods such as filtration orcentrifugaticn. The microparticies can then be washed with a quenching reagent 
that binds to any unreacted binding sites on the crosslinking agents to effectively reduce any subsequent non-specific 
binding of the microparticie when reacted with a target molecule. 

The microparticies are useful for a wide variety of separations, diagnostic, therapeutic and research purposes. 
Specific examples are described beiow in which the microparticies are formed of (1) proteins such as antibodies 
30 that have been dehydrated with a high concentration of a linear polymer mixture containing polyvinylpyrrolidone and 
polyethyleneglycol which were then crossiinked with glutaraldehyde: (2) polysaccharides such as alginate mixed with 
biologically active molecules that have been dehydrated with a high concentration of a linear polymer mixture containing 
polyvinylpyrrolidone and polyethyleneglycol and crossiinked with multivalent ions such as poiyaminoacids or divalent 
cations; (3) peptide hormones such as insulin, crossiinked with glutaraldehyde following dehydration with a mixture of 
zs polyvinylpyrrolidone and polyethylene glycol: and (4) proteins such as albumin that are dehydrated with a linear polymer 
mixture containing polyvinylpyrrolidone and polyethyleneglycol and incubated in the presence of heat. 

Brief Description of the Drawings 

-to Figure 1 is a graph showing counts per minutes (counts) of bound radioactive carcinogenic embryonic antigen 

versus anti-carcinogenic embryonic antigen microparticie concentration. 

Figure 2 is a graph showing antibody titer versus weeks after immunization with primary and secondary doses of 
tetanus toxoid particles. 

J 5 Detailed Description of the Invention 

Microparticies. methods of production, and kits are provided for diagnostic/ rherapeuttc-and research use. The. _ 
microparticies are crossiinked macromolecular structures having a large surface area. The macromoiecules forming 
the microparticies include, but are not limited to proteins, carbohydrates, polysaccharides, nucieic acids, viruses, virus 
so particles, organic or inorganic synthetic pharmaceutical drugs, or mixtures thereof that can be crossiinked in a liquid 
phase under conditions of dehydration. 

Formation of Poivmer Micrcoarticies 

S3 The micrcoarricie is formed by incubating macromoiecules in solution or in liquid phase in the presence or a de- 

hydrating agent and heat or a crosslinking agent for a sufficient amount or time to form particles. The macromolecule 
is first cissoived in an aqueous solvent then either the macromolecule solution is added to the dehydrating agent or 
the dehydrating agent is added to the macrcmoiecuie solution, preferably the latter. The dehydrated macromolecule 
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solution is then preferably heated for a predetermined length of time for the formation of microparticies. Alternatively 
a crossfinking agent is added to the dehydrated macromoiecule solution for microparticle formation at various temper- 
atures above, below, or at room temperature. The resulting microparticies are then separated from any unreacted 
components present in the incubation mixture by physical separation methods well known to those skilled in the art. 

5 

Macromoiecule 

The macromoiecule forming the microparticle is any molecule capable of being crossiinked in liquid phase. Most 
preferably, the macromoiecule is abiomoleculesuchasaprotein, carbohydrate, polysaccharide, nucleic acid molecule, 

w virus, virus particle, or a mixture thereof. The macromoiecule can also be a natural or synthetic pharmaceutical com- 
pound that is capable of being crossiinked. It will be understood by those skilled in the art that a compound incapable 
of being crossiinked can be formed into a microparticle by incorporation of the compound into a carrier molecule that 
is then crossiinked in accordance with the methods provided herein. It will be further understood by those skilled in the 
art that the macromoiecule can also be a portion of a molecule having the requisite activity to bind or interact with a 

'5 ligand, such as, for example, a peptide, a single-stranded segment of a double-stranded nucieic acid molecule, or a 
virus particle. It will also be understood by those skilled in the art that the term "macromoiecule" includes a plurality of 
macromolecules and includes combinations of different macromolecules such as a combination of a pharmaceutical 
compound and an affinity molecule for targeting the pharmaceutical compound to a tissue, organ or tumor requiring 
treatment. 

20 It will be further understood by those skilled in the art that an affinity macromoiecule can be either the receptor 

portion or the ligand portion of a receptor-ligand interaction. Examples of ligands that interact with other biomolecules 
include viruses, bacteria, polysaccharides, or toxins that act as antigens to generate an immune response when ad- 
ministered to an animal and cause the production of antibodies. 

The concentration of macromoiecule in the incubation mixture is preferably between 0.1 and 1 00 mg/mL depending 

25 on the incubation conditions. 

Labelled Macromoiecule 

The macromoiecule can be labelled with a detectable labeL The various types of labels and methods of labelling 
30 proteins and nucieic acid molecules are well known to those skilled in the art. It will be understood by those skilled in 
the art that a magnetic substance, such as a metal, is included within the definition of the term label. For example, the 
- macromoiecule can be labelled with a metallic substance, such as a metal, so that the microparticies can be separated 
from other substances in a solution with the aid 61 a magnetic device. - 
Several other specific labels or reporter groups are set forth below. 
js For example, the label can be a radiolabel such as, but not restricted to, 32 R 3 H, 14 C, ^S. 125 l, or '3i|. A ^P label 

can be conjugated to a protein with a conjugating reagent or incorporated into the sequence of a nucieic acid molecule 
by nick-translation, end-labelling or incorporation of labelled nucleotide. For example, a 3 H ( 14 C or^S label can be 
incorporated into a nucleotide sequence by incorporation of a labelled precursor or by chemical modification, whereas 
an l2S l or 131 1 label is generally incorporated into a nucleotide sequence by chemical modification. Detection of a label 
-0 can be by methods such as scintillation counting, gamma ray spectrometry or autoradiography. 

Tne label can also be a Mass or Nuclear Magnetic Resonance (NMR) label such as. for example. ia C t 1S N, or ls O. 
Detection of such a label can be by Mass Spectrometry or NMR. 

Dyes, chemiluminescent agents and fluorogens can also be used to label the macromoiecule. Examples of dyes 
useful for labelling nucleic acids include ethidium bromide, actidines^ propidium and other intercalating dyes, and &\ 
45 6*-diamidino-2-phenylindole (DAP!) (Sigma Chemical Company, St. Louis. MO) or other proprietary nucleic acid stains. 

Examples cf fluorogens include fluorescein and derivatives, phycoerythrin, aflo-phycocyanin. phycccyanin, rhodarnine, 

Texas Red or other proprietary fluorb"gens.~The fluorogens are generally-attached by^chemical modification. The dye 
labels can be detected by a spectrophotometer and the fluorogens can be detected by a fluorescence detector. 

The macromoiecule can alternatively be labelled with a chromogen (enzyme substrate) to provide an enzyme or 
so affinity label, or enzyme. For example, the macromoiecule can be biotinylated so that it can be utilized in a biotin-avidin 
reaction which may also be coupled to a label such as an enzyme or fluorogen. The macromoiecule can be labelled 
with peroxidase, aikaline phosphatase or other enzymes giving a chrcmogenic or fluorogenic reaction upon addition 
of substrate. For example, additives such as £-amino-2.2-dihydro-i t 4-phthalazinedione (also known as Luminoi™) * 
{Sigma Chemical Company, St. Louis. MO) and rate enhancers such as p-hydroxybiphenyl (also known as p-phenyl- 
=5 ohenoi) (Sigma Chemical Company, St. Louis. MO) can be used to amplify enzymes such as horseradish peroxidase 
•hrough a luminescent reaction: and luminogeneic or fluorogenic aioxeiane derivatives of enzyme subsiraies can also 
be used. 

Recognition srtes ior enzymes, such as restriction enzyme sites on nucieic acid moiecutes. can also be incorporated 
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into an macromolecule to provide a detectable label. A label can also be made by incorporating any modified base, 
amino acid, or precursor containing any label incorporation of a modified base or amino acid containing a chemical 
group recognizable by specific antibodies, or by detecting any bound antibody complex by various means including 
immunofluorescence or immune-enzymatic reactions. Such labels can be detected using enzyme-linked immu- 
5 noassays (ELISA) or by detecting a color change with the aid of a spectrophotometer. 

Dehydrating Aoent 

The dehydrating agent is a chemical compound or mixture of compounds capable of diffusing water from the 
10 macromolecule to a highly ionic media. 

The dehydrating agent is a mixture of two or more soluble, linear polymers namely polyvinylpyrrolidone and pol- 
yethylene glycol. Such a polymer mixture may be prepared in accordance with the methods set forth in PCT Patent 
Application WO 93/14 110 by James E. Woiszwillo. It will be understood by those skilled in the art that other soluble, 
linear polymers, such as dextran, nonyiphenol-ethoxylates. polyvinyl alcohol, and mixtures thereof could be used in 
is addition to PVP and PEG. 

PVP is a non-ionogenic, hydrophilic polymer having a mean molecular weight ranging from approximately 10,000 
to 700,000 and the chemical formula (C 6 H 9 NO) n . PVP is also known as poly(1-{2-oxo-1 -pyrrol idinyl)ethylene], Povi- 
done™, Polyvidone™, RP 143™, Kollidon™, Peregal ST™, Periston™, Plasdone™, Plasmosan™, Protagent™, Sub- 
tosan. and Vinisii™. PVP is non-toxic, highly hygroscopic and readily dissolves in water or organic solvents. 
20 Polyethylene glycol (PEG), also known as poly(oxyethylene) glycol, is a condensation polymer of ethylene oxide 

and water having the general chemical formula HO(CH 2 CH 2 0) n H. 

Dextran is a term applied to polysaccharides produced by bacteria growing an a sucrose substrate. Native dextrans 
produced by bacteria such as Leuconostoc mesenterotdes and Lactobacteria dextranicum usually have a high molec- 
ular weight. 

2S Nonylphenoi-ethoxylates (NPEs) are a class of long chained compounds often used as surfactants. They are 

usually derivatized to meet the desired solubility requirements. 

Polyvinyl alcohol (PVA) is a polymer, prepared from polyvinyl acetates by replacement of the acetate groups with 
hydroxyl groups and has the formula {OH^CHOH)^ Most polyvinyl alcohols are soluble in water. 

PEG. dextran, PVA and PVP are commercially available from chemical suppliers such as the Sigma Chemical 

30 Company (St. Louis, MO). NPEs require custom synthesis and can be ordered from special chemical producers. 

Most preferably, the dehydrating agent is polymer mixture containing an aqueous solution of PVP having a mo- 
lecular weight between 10,000 and 360,000, most preferably ^0,000 and PEG having a molecular weight between 200 
and 35,000. PVP having a molecular weight of 40,000 and PEG having amofecular weight of 3500 is preferred. Alter- 
natively, PVP having a molecular weight of 360,000 is preferred for obtaining microparticles having uniform size. Pref- 

05 erably, the PVP is dissolved in an acetate buffer and PEG is added to the aqueous PVP solution. The concentration 
of each polymer is preferably between 1 and 40 g/100 ml depending of the molecular weight of each polymer. Most 
preferably, the concentration of each polymer is 24 g/100 ml or 24%. Equal concentrations of PVP and PEG generally 
provide the most favorable polymer matrix for the formation of a polymer microparttcle. The volume of polymer added 
f.o the macromolecule varies depending on the size and quantity of the macromolecule. Preferably, three volumes cf 

-io the polymer mixture are added to one volume of a solution containing the macromolecule. 

Incubation Conditions Using Heat 

Micrcpanicles are formed by incubation of the macromolecule and dehydrating agent mixture at a temperature 
-5 greater than room temperature for a predetermined length of time. Preferably the mixture is incubated in a water bath 
^ at a temperature greater than^or equal, to 37°C and less than or equal to 80°C for between approximately 5 minutes 
and 2 hours. Most preferably, the mixture is incubated for 15-30 minutes at a temperature between 50°C and7p^C._ 
Mtcroparticle size can be controlled by adjusting the incubation conditions. For example, incubation temperatures 
can be increased gradually or incrementaJIy from room temperature to the desired elevated incubation temperature or 
so overall incubation time can be increased. In addition, the amount of microparticle aggregation can be controlled by 
varying the concentration, volume, or composition of the cehydrating agent. 

CrossLinkino Reagent 

s5 Microoanicles are alternatively formed by the acdition of a crosstinking reagent to crosslink the dehydrated msc- 

rcmofecuie. The crossiinking reagent is a bi* or muiti-iunc::onai chemical reagent that pnysicaily finks the macromoi- 
scules. and. ;n some cases, the dehyarating agent. Examples of suitable crossiinking agents include diaidehydes or 
other agents such as amines, multivalent iens. ano multifunctional molecules that have an "arfinity J for soecific reactive 
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groups on the macromolecule being crossiinked. 

In the preferred embodiment, the crosslinking agent covalently connects the macromolecules into a stable three- 
dimensionaJ structure. Most preferably, the crosslinking agent is a bifunctional reagent such as giutaraldehyde; p,p'- 
difluoro-m.m'-dinrtro diphenyl sulphone; hexamethylene diisocyanate: n,n-{1,3-PhenyIene)-6AS-maleimide: /7,/7'-ethyl- 
5 ene-6/s-iodoacetamide; 3,6-6/s-(mecurimethyl}-dioxan: bis-diazobenzidine; Woodward's K; bis-oxiranes; dimethyl ad- 
ipimidate; dimethyl suberimidate; diethyl malonimidate; phenol-2, 4-disu (phony l-chloride; drvinylsulphone; and carbo- 
diimides. 

Most preferably, the crosslinking agent is a dialdehyde such as giutaraJdehyde which forms a SchifT base with 
primary amines, which an reduction with borohydride give stable secondary amines under mild conditions. 

70 An example of another type of crosslinking agent are the N-substituted mafeimides which are specific tor sulphydryl 

groups under mild conditions. Several N-aryl and N-aikyl-bis-maleimides are commercially available, including azo- 
phenyldimaieimide. These are insoluble in water and are generally added in stoichiometric amounts as a solid to aque- 
ous solution at pH 7 to 8 at the reactants. 

Bifunctional alky I haiides react primarily with thiol, imidazole and amino groups. At neutral to slightly alkaline pH 

15 the reaction with sulphydryl groups is favored while at higher pH values reaction wfth amino groups. Other compounds 
include aryi haiides such as 1,5-dffluoro-Z4-dinitrobenzene, which are insoluble in water and preferentially react with 
amino groups and tyrosine phenolic groups, but which will aJso react with sulphydryl and imidazole groups. Relatively 
high pH values are required for a rapid reaction. The reagent is generally added as a concentrated acetone solution 
to an aqueous solution of the reactants and product formation. Isocyanates react with amines to form substitute ureas, 

20 with alcohols to form urethanes and with water to give amines and carbon dioxide. At alkaline pH the reaction with 
amines is preferred. 2,2-dicarboxy-4,4 , -azophenyidiisocyanate is water-soiuble and has the advantage that the bridge 
it forms can be readily cleaved by reduction of the azo group by dithionfte. Acylating agents can also be used, such 
as many of the aliphatic or aromatic dicarboxylic or disuiphonic acids that are activated to provide bifunctional acylating 
agents capable of reacting under mild conditions. The nitrcphenylesters of dicarboxylic acids and the aromatic-bis- 

ss sulphonyl chlorides are examples. These are insoluble in water and hydroiyse rapidly. The bis-sulphonyl chlorides 
react with amino groups to form stable suphonamide linkages which can subsequently be cleaved with HBr in glacial 
acetic acid. Bifunctional imidoesters can also be used which are soluble in water and react with amino groups under 
mild conditions and with a high degree of specificity. Dimethyls uberimidate can be used in 0.2 M triethanolamine HC1 
buffer pH S.5 tor three hours at room temperature. The resulting amide is stable to acid hydrolysis, but can be cleaved 

so with ammonia Vinylsulphones can be used which react primarily with amino groups but, at high pHs, react with car- 
bohydrates, phenols and alcohols. 

The concentration of the crosslinking reagent in the incubation mixture should be sufficient to bind all ol the active 
groups of the macromolecule. There is a direct relationship between the concentration of crosslinking agent and the 
number of microparticfes formed after incubation. Generally, more microparticies are formed as the concentration of 

35 crosslinking agent in the incubation mixture is increased. Preferably, the concentration of crosslinking agent in the 
incubation mixture is between approximately 5 and 200 microliters of a 25% solution of giutaraldehyde per milliliter of 
incubation mixture. 

Incubation Conditions for Crosslinkino 

40 

When using dehydrating agents other than polymer solutions, such as ammonium or sodium salts, organic solvents, 
divalent ions such as zinc, or chaotropic agents, to form microparticies. one must carefully select the right combination 
of crosslinking reagent to form the microparticies because of the interaction that can occur between the dehydrating 
agent and crosslinking agent. Microparticfes are formed using ammonium sulfate, giutaraJdehyde and protein, but the 

J 5 concentrations of reactants are different than those required for microparticle formation using linear polymers. 

- Preferably, the dehydrating agent is a polymer solution, where the macromolecule. polymer and crosslinking agent 

mixture are vigorously mixed together, "such as by vortexing ( -toallow-sufficieni in teracticn between the macromol ecules. 
polymers and crosslinking agent, and incubated, while mixing, at room temperature (20°C), or at a temperature below ~ 
room temperature, far a sufficient amount of time to allow maximal formation of micropa nicies. Alternatively, micropar- 
tides can be formed utilizing a combination of crosslinking agent and heat, preferably by incubation at a temperature 
greater than or equal to 37°C and less than or equal to 60°C. 

The length of incubaiion iime is dependent upon the respective concentrations of polymer and affinity molecule 
and the incubation temperature. Preferably, the polymer mixture and macromolecules are incubated between GO min- 
utes snd 24 hours. Most preferably, the polymer mixture and macromolecules are mixea. by stirring or rocking, for 120 

55 mrnuies at room Temperature and are then placed at 4°c overnight without mixing. 

The pH of the incubaiion mixture is generally determined by the pH of the dehydrating agent and may be adjusted 
by adding the appropriate amount ot an acidic or basic buffer to either or both dehydrating or macromolecule solutions 
befcre they are mtxea. Since the denydrating agent is a linear poiymer solution, there is a direct relationship between 
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the size of the microparticle formed at the end of the incubation step and the pH of the incubation mixture. At a higher 
(more basic) pH f larger microparticle are formed. At a lower pH. the formed microparticle is smaller. The pH of the 
linear polymer incubation mixture is preferably between approximately 5 and 8. 

5 Quenching of Binding Sites 

It will be understood by those skilled in the art that a quenching reagent may be added to the resulting microparticies 
after incubation to block any unreacted binding sites of the crosslinking reagent in order to reduce subsequent non- 
specific binding. Suitable quenching reagents are compounds, such as amino acids or albumin, that contain substantia] 
to numbers of amino groups. Preferably, the quenching reagent is a solution containing lysine or glycine. Most preferably 
the quenching reagent is the amino acid glycine in a concentration ranging from 0.1 to 0.5 M. 

Purification of Microoarticies 

is The formed microparticies are separated from the non-reacted components of the incubation mixture by conven- 

tional separation methods well known to those skilled in the art. Preferably, the incubation mixture is centrifuged so 
that the microparticies fail to the bottom of the centrifuge tube and the non-feacted components remain in the super- 
natant which is then decanted. Alternatively, the incubation mixture containing the formed microparticies is tittered so 
that the microparticies are retained on the fitter and the non-reacted components pass through the filter. 

£0 Further purification of the microparticies is achieved by washing in an appropriate volume of a washing solution. 

The preferred washing solution is a buffer, most preferably a phosphate buffered saline solution containing the quench- 
ing reagent. Repeated washings can be utilized as necessary. 

It will be understood by those skilled in the art that some of the dehydrating agent may be incorporated within the 
macromofecule structure and actually contribute to the molecular composition of each microparticle. 

25 

Microparticle Characteristics 

The micropartictes formed by the foregoing process can be spherical or non-spherical in shape depending on 
temperature, polymer size and mixture and protein concentration with one or more active sites present on the surface 
so of each microparticle. The elliptical shape and granularity of the microparticies create a particle having a greater surface 
area than spherical microparticle beads and allows for the incorporation of a larger number of macromolecuies per 
microparticle than could be achieved with conventional spherical beads. 

Furthermore, in the example where microparticies are formed of macromolecuies such as immunoglobulin 
crosslinked with glutaraldehyde in the presence of PW/PEG, the microparticies are stable at alkaline and acid pH and 
35 are not absorbed when administered in vivo. 

The microparticies are useful lor a wide variety of diagnostic, therapeutic, and research purposes as discussed in 
more detail below. For example, for in vivo diagnostic purposes, the microparticies can include a macrcmolecufe such 
as an immunoglobulin or cell receptor labelled with a detectable label. Injection of the labeiled microparticle into a 
patient creates an imaging agent for the diagnosis of a proliferative disorder such as cancer or a tool for the evaluation 
of the success of a therapeutic agent in reducing the proliferation of a particular adverse cell or organism. For in vitro 
diagnosis, microparticies containing a macromoiecule, such as an immunoglobulin, cell receptor or oligonucleotide 
probe specific for Ihe cell or organism under investigation, are combined with a test sample, the microparticies are 
separated from any non-bound components of the sample, and bound molecules are detected by conventional meth- 
ods. The microparticies are useful as therapeutic agents when the microparticies include a therapeutic drug and are 
injected into a patient for slow reiease or targeted delivery of the drug to the site requiring therapy. 

The microparticies are also useful for the purification of molecules from a complex mixture, as a reagent for the 

detection or quantification of a specific molecule, or for the production of molecule_s._such as antibodies. For example, 
microparticies containing a macromoiecule. such as an immunoglobulin, can be attached to a chromatography column - 
and used in immunoaffinrty chromatography to separate a ligand from a complex mixture. Alternatively, microparticies ' 
so including a labeiled macromoiecule or a mixture cf labelled macrcmoiecules specific tor different cells or biomoiecules, 
such as ceil receptors, can be used to detec: changes in the number of cells or biomoiecules in response to a particular 
test condition using techniques such as flow cytometry. Furthermore, the microparticies can be used as adjuvants for 
vaccine production wherein antigen-containing microparticies are injected into a research animai, such as a mouse or 
rabbit. :o trigger an enhanced immune response for the production or antibodies to the antigen. 

55 
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In Vitro (Diagnostics 
In vitro assays 

s The micraparticles described herein are useful as solid phase particles in an assay, such as an enzyme-linked 

immunosoroant assay, dot-blot, or Western blot, for the detection of a particular target such as a cell, biomolecuie or 
drug in a biological sample. The microparticles designed for this use are composed of affinity molecules specific for 
the target molecule. For example, the macromolecule is an immunoglobulin, cell receptor or oligonucleotide probe and 
is bound to a test tube or microtiter plate. 

io For detection or quantitation of a target molecule of interest, a sample is combined with a solution containing the 

microparticles, the macromoiecules on the microparticles are reacted with the target molecule, the microparticles are 
separated trom any non-bound components of the sample, and microparticles containing bound molecules are detected 
by conventional methods. Fluorescentty stained microparticles are particularly well suited for flow cytometry analysis 
in accordance with methods well known to those skilled in the art 

is 

Histooatholoov 

The microparticles described herein are useful as visual probes or markers of pathology in a histological sample. 
The macromoiecules of microparticles designed for this use are specific for biomolecules expressed during a particular 
20 pathologic condition and are labelled with a detectable label. For example, the macromolecule is an immunoglobulin, 
cell receptor or oligonucleotide probe specific for an abnormal cell, such as a rapidly proliferating cell, or pathological 
organism, for example, a virus. 

For detection of a pathogenic condition, a histological sample is combined with a solution containing the micro- 
panicles, the labelled macromoiecules on the microparticles are reacted with the target molecule of interest, and bound 
25 microparticles are detected by detecting the label in accordance with methods well known to those skilled in the art 

in Vivo Oiaonosncs - Imaging 

The microparticles described herein are useful as imaging agents for in vrvo localization of a particular molecule, 
so csfl type or pathologic condition in a manner similar to that described above with regard to the use of the microparticles 
far histopathology. The macromoiecules on microparticles designed for this use are specific for molecules expressed 
by a particular cell or pathologic organism and are labelled with a detectable label. For example, the macromolecule 
is an immunoglobulin, ceil receptor or oligonucleotide probe specific for a tumor cell or pathological organism, such as 
a virus. 

33 The microparticles are used to either detect a pathologic condition or to monitor the success of therapy, such as 

chemotherapy or surgery to ensure that the size of an abnormal tissue tumor has decreased or has been completely 
excised. For this use, a patient receives an administration of a microparticle solution, preferably intravenously, the 
labelled macromoiecules on the microparticles are given a sufficient amount of time to localize to the affected organ 
or region of the body, the macromolecule is reacted with a target molecule expressed by the cell or organism under 
investigation, and bound microparticles are detected by detecting the label by conventional imaging techniques well 
known to those skilled in the art, such as x-ray. 

Theraoeutics-Drua Delivery Systems 

-5 The microparticles are useful for therapy when composed of a crossiinked pharmaceutical compound or a 

crosslinked carrier, such as albumin, containing a therapeutic agent. The microparticle can either provide for the slow 
release of the agent throughout the body or the microparticle can include an affinity molecule specific for a target tissue, 
or tumor, ana be injected into a patient for targeted delivery of the therapeutic agent, such as an antitumor. antiviral' 
antibacterial, antiparasitic, or antiarthritic agent, cytokine, hormone, or insulin direcrly to the site requiring therapy, 

BO 

Research Applications 

The microparticles are also useful as researcn tools for the purification of a biomoiecuie from a complex mixture, 
as a reagent for the detection or quanirficaiion of a biomoiecuie. or for the production of btcmolecuies. sucn as anti- 
S3 bodies. 

For example, micropanicles composed of a macromolecule. such as an immunoglobulin, are attached to a chro- 
marograpny column and used in immunoafflnity chromatography to seDarate a iiganc from a ccmciex mixture, it wiil 
be understood by those skiilea in the art that microparticle for use in high pressure liquid chrcmatograpny snouid be 
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first attached to a non-compressible solid phase sphere or bead so that the coiumn packing maintains its rigid structure 
under pressure. 

Alternatively, microparticies including a labelled macromolecule or a mixture of labelled macrcmolecules specific 
for different cells or cell receptors are used to detect changes in the number of cells or cell surface receptors in response 
s to a particular test condition using techniques such as flow cytometry. 

Furthermore t the microparticies are useful adjuvants for antibody production wherein antigen-containing micro- 
particles are injected into an animal, such as a mouse or rabbit, for vaccine production, or a human, to induce immunity 
to an antigen, to trigger an enhanced immune response for the production of antibodies to the antigen. 

io Kit for the Production of Microoartfcfes 

A kit for the production of microparticies is provided. The kit contains the following reagents: a dehydrating agent 
and a crossiinking agent. The user of the kit may use the kit lor the preparation on custom microparticies wherein the 
user will supply the macromolecule that will be formed into the microparticies. Alternatively, the kit can contain one or 

is more macromolecules. in solution or lyophilized form, for the preparation of microparticies of interest to the user. The 
formed microparticies can then be used for research, therapeutics or diagnostics as described above. The kit preferably 
also contains a buffer, such as phosphate buffered saline, containing a quenching reagent, such as glycine, to block 
non-specific binding by the crossiinking reagent. A detectable label, or prelabelled macromolecule can also be included 
with the kit to provide a means for detecting the presence of the microparticle in a sample or patient. 

20 The polymer microparticies and methods described above will be further understood with reference to the following 

non-limiting examples. 

Example 1 : Preparation of Microparticies with Gamma globulin and a Polymer Mixture of Polyvinylpyrrolidone 
and Polyethylene Glycol and a Stability Analysts Thereof 

25 

Microparticle Formation 

Microparticies were formed by combining gammaglobulin, one of five molecular weight preparations (MW 
10.000-360,000) of a 5-25% polyvinylpyrrolidone solution, and a constant molecular weight preparation (MW 3500) of 
30 a 25% polyethylene glycol solution (both prepared as described betow in Example 2) in the presence of glutaraidehyde, 
at a reaction pH range between 6.9 and 7.75, by the following process. The microparticies were stable in both acidic 

— - and basic solutions. _ 

Five polymer mixtures, each containing a different molecular weight preparation of polyvinylpyrrolidone, were pre- 
pared as indicated below in Table 1. Twenty microliters of glutaraidehyde (25%, Sigma Chemical Company, St. Louis. 
35 MO) were added to each polymer mixture. One milliliter of purified goat gammaglobulin (Sigma Chemical Company, 
St. Louis, MO), purified in accordance with the methods described PCT Patent Application WO 93/14 110 by James 
E. Woiszwillo, was reacted with each of the five polymer mixtures by vortexing briefly. The reaction solutions were 
mixed for 40 minutes at 20°C and then incubated at 4°C overnight. 

All five reaction solutions were restored to 20°C. 100 u.1 DL-lysine (Sigma Chemical Company, St. Louis, MO) was 
*o added to each solution, and the solution was mixed for 90 minutes at 20° C. 

The solutions were centrifuged at 5000 rem for 30 minutes at 20°C. The supernatants were decanted and the 
precipitates resuspended in 1 ml of a buffer solution containing 1.0 ml phosphate buffered saline (PBS) containing 
0.2% Tween® (Sigma Chemical Company, St. Louis, MO). 

One hundred microliters of each resuspended precipitate was reacted with 100 ul of a 1:2000 dilution of anti-coat 
-5 igG peroxidase conjugate for 15 minutes at 20°C. One mi of the PBS/Tween® buffer was added to each reaction 

- — mixture and the mixtures were incubated at 4°C overnight 

The samples were centrifuged. TOO ul of each supernatant- was remove d from each and reacted with GOO u.l TM 
Blue. The remaining supernatants were carefully decanted and precipitates were resuspended in 1 mi of the PSSr 
Tween® solution. 

=o The resuspended samples were again centrifuged. 1 00 pi removed and reacted with 200 ul TM Blue, supernatants 

decanted, and precipitates resuspended in 1 mi PSS/Tweer*S>. A 100 ul aliquot of the resuspended precipitate was 
reacted with 200 u.1 TM Blue. 

The resuspended samples were again centrifuged. 1 00 uJ removed and reacted with 200 ui TM Blue, supernatants 
decanted, and precipitates resuspended in i mi PBS/Tweeni§>. A 100 u.1 aliquot of the resuspended precipitate was 

=5 reacteo with 300 ul TM Elue. The results are shown below in Tables 1 ana 2. 
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Table i: 



Quantity and Characteristic of Microparticies Formed with Five Different MW Preparations of PVP 


Reaction # 


PVP (MW) 


Ppt Amt 


Particle Characteristics 


1 


10.000 


1X 


very fine 


2 


24,000 


2X 


very fine 


3 


40,000 


2X 


very fine 


4 


90,000 


2X 


small 


5 


360.000 


1.5X 


small 



Table 2: 



Relative Gammaglobulin Concentration In Supernatant and Precipitate Fractions after MIcropartlcle 






Formation and Washing 






Reaction # 


Sup. 1 


Sup. 2 


Ppt 2 


Sup. 3 


Ppt. 3 


1 


i i i i i i 




-H- 






2 




+-»- 




+ 


•W- 


3 


iiiin- 




+ 




+■ 


4 


i i i i i i 




++ 




-M- 


5 






-M- 




++ 



The results presented in Table 1 indicate that mic rep articles were formed for all five solutions containing different 
molecular weight preparations of PVP in the presence of glutaraldehyde. 

The results presented in Table 2 indicate that the gammaglobulin was attached to the microparticies present in 
the precipitate, even after three washes. ' 



Microoarticle Stability Analysis 

" Three reactions were preformed on the first resuspended precipitate of reaction #3 to analyze the effects of acidic 
or basic solutions on the stability of the microparticies as follows. 

One hundred microliters of the first resuspended precipitate of reaction #3 were placed into three test tubes. Two 
hundred microliters of deionized water were added to the first tube. Particles were observed. Two hundred microliters 
of 1 N acetic acid were added to the second tube. Particles having the same size as observed in the first tube were 
observed. Two hundred microliters of 1% Na OH were added to the third tube. Particles having the same size as 
observed in the first tube were observed. 

All three tubes were placed at 4°C overnight and observed again on the foilowing day. "Tubes 1 and 2 did not 
change. Tube 3 appeared to have smaller particies than tubes 1 or 2. 

The results indicated that acidic or basic pH did not alter the stability of the particles. 



Example 2: Preparation and in Vitro Analysis of the Binding of Antl-CEA Microparticies to Radioactive CEA 

Anti-CEA (carcinogenic embryonic antigen) microparticies were formed as generally described for Reaction #3 in 
Example T and described-in more_detaiLbelow._The_resulting microparticies were then combined with various concen- 
trations of radioactive CEA to determine whether the antt-CSA antibodies incorporated in the microparticies retained 
affinity for the CEA ligand. 

Preparation of Anti-CEA Microparticies 



A 14.3% solution of each polymer, polyvinylpyrrolidone (MW 40.000) and polyethylene glycol (MW 3500), obtained 
from Sigma, St. Louis. MO. was prepared by adding 1 4.3 grams or pofymer to 100 ml of distilled water. The pH of each 
14.3% pofymer solution was adjusted to a pH of approximately 6.25. The polymer solutions were mixed 1 n to create 
a P VP/PEG poiymer mixture. 

As a control, a 0.45 mi aliquot of purified goat ami -CEA gammaglobulin was reacted with 2.6 mi of the P VP/PEG 
poiymer mixture by vonexing wniie adding the poiymer mixture to the gammaglobulin in the absence of giutaraidenyde. 
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Reactants were ailowed to stand at 3*C for 30 minutes. Reactants were centrffuged at 2300 rpm for 60 minutes at 
20° C. Supematants wera decanted and precipitates resuspended in 0.9 mi phosphate buffered saline. 

Resuspended precipitates were washed with 1.S ml of the polymer mixture, preadjusted to pH 6.25, allowed to 
stand at 3"C for 20 minutes, and centrifuged at £000 rpm for 30 minutes at 20°C. 

0.9 ml of purified goat anti-CEA gammaglobulin was reacted with 2 ml of the P VP /PEG polymer mixture, pH 6.25 
containing 20 uJ giutaraldehyde by vortexing while adding the polymer mixture/glutaraldehyde to the gammaglobulin. 
Reactants were mixed at 20°C for 90 minutes. Reactants were centrifuged at 2300 rpm for 60 minutes at 20° C. The 
supernatant was decanted and the precipitate resuspended in 1 ml phosphate buffered saline. Eighty microliters of 
DL-lysine was added to the resuspended precipitate and mixed. The reactants were placed at 4°C overnight 

Reactants were centrifuged at £000 rpm for 30 minutes at 20° C. The sample was placed at 4°C for 60 hours and 
then re-centrifuged. The supernatant appeared clear and was decanted. The precipitate, containing the anti-CEA mi- 
croparticies, was resuspended in 10 ml phosphate buffered saline (1X). 

Binding Analysis 

Radioactive CEA (I 125 ) was diluted with phosphate buffered saline containing 10% liquid fish gelatin. The diluted 
l 12S CEA contained 39313 counts per 100 uJ. 

Ten reaction tubes, each containing 100 uJ of the diluted l 12S CEA, were prepared as indicated below in Table 3 by 
adding the appropriate volume of resuspended anti-CEA microparticles. 

The radioactive CEA/anti-CEA microparticle mixtures in tubes 1-5 were incubated for 2 hours in the refrigerator 
while shaking. The radioactive CEA/anti-CEA microparticle mixtures in tubes 6-9 were incubated for 15 minutes at 
room temperature while shaking. Reactants were washed three limes with phosphate buffered saline containing 10% 
liquid fish gelatin, centrifuged 1 minute in a high speed centrifuge, and resuspended in phosphate buffered saiine. The 
results indicate that the anti-CEA microparticles are immunologically active and react with CEA as shown numerically 
in Table 3 and graphically in Figure 1. 



i able 3: 



Quantitative Analysis of the Binding of Anti-CEA Microparticles to Radioactive CEA 


Tube* 


CEA Microparticles (u.1) 


cpm 


1 


0 


105 


2- .. _ . 


1 ° 


12S6 


3 


20 " " 


1936 


4 


40 


2912 


5 


SO 


3406 


6 


10 


1377 


7 


20 


1259 


8 


40 


2977 


g 


SO 


4715 



Example 3: Effect of pH on the Formation of Microparticles 

This experiment demonstrated the effect of pH on the ability to form IgG micropanicies. 

ExoerimentaLProcedure: 

A polymer mixture of PVP/PEG was prepared as generally described in Example 2 (46% toiai polymers) and was 
adjusted to the pH indicated in Table 4. One milliliter of each solution was placed in each of 7 centrifuge tubes: 



Table 4: 


Adjusted pH o1 PVP/PEG Mixture 


« ube £ 


pH of PVP/PEG 


1 


4.6 


C 

3 


5.2 
5.3 
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Table 4: (continued) 



AdlUBted pH of PVP/PEG Mixture 


Tube# 


pH of PVP/PEG 


4 


6.6 


5 


7.4 


6 


8.1 


7 


9.2 



100 uJ of a 5.0% glutaraldehyde (Sigma, St. Louts, MO) solution, in deionized water, was added to each tube and 
mixed well. 

300 uJ of a 3X concentrated sample cf human IgG purified from human plasma was added as described above in 
Example 2. while vortexing. The mixture was mixed at 20°C for 1 hour and the material centrifuged at 3500 RPM for 
75 30 minutes al 20° C. Supemates were decanted and the particles washed in 5 ml 0.5 M glycine in 1 X PBS buffer, then 
mixed for 60 minutes 20° C and centrifuged at 3S00 RPM for 30 minutes at 20° C. Supemates were decanted and the 
. particles washed in 5 ml 0.5 M glycine in 1X PBS. 



Observations: 

20 



After the addition of the purified IgG to the tubes and mixing for 20 minutes, a trend in aggregate size was observed. 
As the pH of the PVP/PEG mixture increased, so did the size of aggregates formed. 



First Precipitates: 

As the pH of PVP/PEG mixture increased, the precipitates became smaller, more wet and orange in colon A 
noticeable difference in these characteristics occurred at pH 6.6. 

Tube #7 had to be treated very carefully because the precipitate was not adhered to the wail of the tube. 90% of 
the supemate was carefully removed by a disposable pipeL 

First Hesusoension: 



35 



There is a direct relationship between the pH of the P.VP/PEG mixture and the particle size formed. As the pH 
increased so did the particle size. At pH 6.6 the particles were noticeably larger than at pH 5:5. 

Second Precipitates: 

At pH 6.6 and higher the precipitates were not adhered to the '/vail of tube and siid down the side of the tube quite 
easily. As the pH increased the precipitates went from yeilow to orange. 

Second Resusoension: 



Identical to first resusoension. 

The particles were brought to room temperature, mixed well, and then centrifuged at 2600 RPM at 20°C for 30 
43 minutes. Supematants were decanted and precipitates resuspended in 5.0 ml of 0.5 M glycine in 1X PBS buffer. pH 
5.6. The wash procedure was then repeated 3 more times until the supematants were clear. 



Conclusion: " " ~ — - - - - 

As the pH of the PVP/PEG mixture decreases from 9.2 to ^.6. the size cf the particles formed by the crossiinking 
action of glutaraldehyde became smaller and more uniform in size. 



Example 4: Preparation of Enzyme-labelled Albumin Mlcrcpsrtlcies 

1. Sixty milligrams of chicken egg aibumin were dissolved in 2 ml of a polymer mixture of PVP/PEG prepared as 
described in Example 2. The pH was adjusted to 4.5 with 1 N HC1. 200 ul of Cappeil affinity purified rabbit anti- 
goat IgG horse radish peroxidase (HRP) conjugate was added. 

2. The mixture was rotary turned for GO minutes. 
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3. A 10% glutaraJdehyde solution was diluted 1:4 and 200 uJ was added to mixture. 

4. The mixture was rotary turned for 30 minutes. 

5. The mixture was centrrfuged at 1500 rpm for 30 minutes at 20°C and the supernatant removed. 

6. The precipitate was resuspended in glycine buffer and washed 2 times by centrifuging at 1500 rpm for 10 minutes 
at 20°C. 

7. The precipitate was resuspended in 0.15 M Tris saline. pH 7.4, containing 1% fish gelatin, 2 ml total volume and 
contained particles. 

Analysis: 

1. 4 drops of HHP substrate were added to two glass tubes. 

2. 4 drops of the resuspended precipitate of step 7 above were added to one tube and mixed. 

3. 4 drops of the supernatant from step 5 above were added to the other gfass tube and mixed. 

Results: 

1 . The tube containing the supernatant from step 5 was clear (no color). 

2. The tube containing the resuspended precipitate from step 7 was marine blue in color within 5 minutes indicating 
that the particles were labelled with the HRR 

Example 5: In vivo Administration of Antl-HCG Polymer Mlcroparticles 

Fiuorescently-labefted anti-Human Chorionic Gonadotropin (antl-HCG) microparticles were injected into a Balb/c 
mouse to check clearance: 

A female mouse weighing 35 grams was injected with phenobarbitalforS minutes. The ventral cavity was surgically 
exposed and the aorta was injected with 100 microliters of flucrescenily-labeHed anti-HCG using a 2T6 gauge needle. 
Five minutes later, 50 uJ blood was removed. 
Ten minutes later, 50 uJ blood was removed. 

It should be noted that the animal was still aiive at the time of blood collection with its heart strongly beating. 
The mouse was then killed by cervical dislocation. 

Analysis: 

1 . One drop of blood (5 rnin and 10 min) was deposited on a glass slide having a depression for the sample and 
the sample was covered with a glass cover slip. One drop of oil was placed on the slip cover. 

2. The blood sample was examined in a fluorescent microscope (Zeiss II1RS) using high power. 

3. Strong fluorescence was observed around ceils in the 5 minute sample indicating that the microparticies were 
not rapidly absorbed by the animaL 

4. Weak fluorescence was observed in the 10 minute sample. 

Example 6: Effect ot Polymer Mixture Concentration on Formation of Fiuorescently-Jabelled Human igG 
Microparticies 

This experiment was performed to determine the effects cf the concentration of a PVP/FEG polymer mixture on 
the formation of antibody micrcparticles. 

Procedure: _ 

A volume of a PVP/FEG polymer mixxure was prepared as described in Example 2 to form a polymer mixture 
having a polymer ccncenrration of 53.3%. adjusted to pH 4.8. Polymer dilutions were made as set fanh below in Table 
5 using 0.1 M sodium acetate at pH 5.0: 



14 



EP 0 688 429 B1 



Table 5: 



Volume and Percent of Polymer Mixture 


Polymer Mixture 


Na Acetate 


Polymers 


(mis) 


(mis) 


% 


10 


0 


53.3% 


9 


1 


46.0% 


S 


2 


42.4% 


7 


3 


37.1% 


6 


4 


31.8% 


5 


5 


26.7% 


4 


6 


21.3% 


3 


7 


15.9% 


2 


8 


10.7% 


1 


9 


5.3% 


0 


10 


0% 



25 



30 



1 ml of each of the dilutions set forth in Table 5 was aliquoted into a centrifuge tube. Each tube then received 1 00 
|il of a 5% glutaraldehyde solution prepared by adding 400 uJ 25% glutaraidenyde to 2.0 ml of H 2 0 and mixing. The 
polymer mixture/glutaraldehyde solutions were thoroughly vortexed. 

The tubes were then reacted with 300 jil flucrescently labelled human IgG. The purified human antibody was 3X 
concentrated in a 0.1 M glycine solution in PBS buffer at pH 11.0 and labelled with fluorescein isothiocyanate in the 
0.1 M glycine buffer at a concentration of 3 mg/mf. The antibody was added to the polymer mixture dilutions while 
vortexing, and the tubes were mixed for 1 hour "followed by 30 minutes centrifugation at 2500 rpm at 20°C. 

After centrifugation. the supernates were decanted and the precipitates resuspended in 5 mi of 0.5 M glycine in 
PBS. The precipitates were broken up and shaken well. They were then centrif uged tor 30 minutes at 30°C, 2500 RPM. 
This washing process was repeated four times. 



^o 



^5 



so 



Results: 

Each tube had a different appearance from the start of the reaction. The tube containing 5.3% polymer had only 
slight precipitation, much of which clumped together on the walls of the tube. The tube containing 53.3% polymer had 
very fine particles which did not stick together or to the wails of the tube. 

Overall, as the concentration of polymers increased, the precipitated matter became more fine and less sticky. 
The solid reacting matter in the sodium acetate control was small and sticky. 

After centrifugation, the size of the precipitate was seen to increase in direct proportion to polymer concentration. 
' The brightness of the orange color of the precipitates was inversely proportional to polymer concentration. 

The control precipitate was very small and exhibited a bright orange color, as were the tubes with very low polymer 
concentrations. The ease with which the precipitates were broken up in the 0.5 M glycine wash buffer was also related 
to poiymer concentration. The precipitate the tube containing only 5.3% polymer mixture was sticky and difficult to 
break up t but in each successive tube the particles were less sticky. At a poiymer concentration of 3l.S%or greater, 
the particles separated very easily. 

Following the first wash and centrifugation, a color brightness gradient still existed in the precipitates, although the 
~ difference was-cf-a-smaller-rnagnituce. The. supernates were a light orange color because fluorescein isothiccyanate 
was being washed out of the sample. After the third wash ! lhe~sucerriates were clear and the color of the precipitates . 
was uniform. Tne size differences between the precipitates did not change. 

Conclusion: 



Polymer concentration plays a definite roie in determining the cnaracteristics of antibody panicles made with the 
poiymer mixture. Poiymer concentrations of 40% and over provide very fine particies that do not stick. Also, the higher 
the concentration of polymers in the poiymer mixture, the greaier the number of antibody panicles ihat can be formea. 
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Example 7: Effect of pH on Formation of Gammaglobulin MIcropartlcles 

This experiment was performed to determine the effects of polymer mixture pH on the formation of antibody par- 
ticles. 

Procedure: 

Eight centrifuge tubes each received a 1 ml aliquot of goat serum. The serum was incubated 15 minutes with a 
1.8% Triton ™/3% Brij (Sigma, St. Louis, MO) solution. This was followed by reaction with 2 mis of a 40% polymer 
mixture. Addition of the polymer mixture was made while vortexing and the tubes mixed for thirty minutes. The tubes 
were then centrifuged for 30 minutes at 3600 RPM, 20 o C. The supemates were decanted and the precipitates resus- 
pended in 1 ml 0.5 M Imidazole (Baker Chemical Co.). All samples resuspended easily and clearly. 

After 15 minutes incubation in the Imidazole solution, the samples received, while vortexing, 1 ml of the polymer 
mixture. The tubes were mixed for 30 minutes and were cen trif uged for 30 minutes at 20°C, 3600 RPM. The supemates 
were decanted and the precipitates were resuspended easily and clearly in 1 ml deionized water. The samples are 
reacted with a pH gradient of the polymer mixture with pH being adjusted down with hydrochloric acid and up with 3 
M Imidazole. The adjusted pH values are as set forth below in Table 6: 



Table 6: 



Adjusted pH of Each Sample 


Tube # 


pH 


1 


4.1 


2 


4.S 


3 


£.8 


4 


6.6 


5 


7.2 


■ 6 


8.0 


7 


8.7 


a 


9.3 



1 ml of the pH adjusted polymer mixture was added to each of the tubas followed by 10.minutes of mixing. After 
mixing, each tube received 40 jil of 25% gfutaraldehyde diluted 1:10 with deionized water. Again the tubes were mixed 
for 10 minutes and centrifuged for GO minutes at 20°C, 2600 RPM. The tubes were decanted and the particles resus- 
pended in 1 ml 1X PBS. 

Results: 

After centrifugation the samples showed a clear gradient in relaticn to pH for both size and color. Prior to resus- 
penston in the 1 X PBS, the precipitates in samples 1,2 and 7 were slightly smaller than those in the other tubes. Tnere 
was no apparent precipitate in sample of pH 9.3 because the high alkalinity inhibits the ability of the poiymer mixture 
to precipitate proteins. The samples of acidic pH values were white, with the samples growing increasingly yeilow- 
orange across the gradient. Also, particle size was directly proportional to pH, with the particles in sample 1 being very 
fine. As pH increased, the particies grew larger and tended to clump more. 

Conclusion: ~ ~~ __ _ _ ^ ^ 

The size of antibody panicles can easily be controlled by altering the pH of the pciymer mixture. At high pH. 
giutaraldehyde forms very strong bonds with the amino croups of proteins, accounting for the yellow-orange color and 
overall stickiness of the increasingly basic samples. However, at acidic pH vaiues the effects of the giutaraldehyde are 
lessened. Particles can still form but they are much more fine with less of a tendency to clump than those panicles 
made with the basic polymer mixture. 

Example 8: Erfect of Giutaraldehyde Concentration on Formation of IgG Micro particies 

This experiment was performed to snow the effect of increasing the amount of giutaraldehyde on the formation or 
IgG microparticies. 



16 



EP 0 688 429 B1 



Experimental Procedure: 

Placed 1.0 ml of trie polymer mixture described in Example 2, containing 4S% total polymers, pH 4.3, into 7 cen- 
trifuge tubes. Added the varying volumes of glutaraldehyde, as set forth in Table 7, to each tube: 



Table 7: 



Concentration of Glutaraldehyde per Tube 


volume of Glutaraldehyde 


Tube# 


2uJ 


1 


5uJ 


2 


10uJ 


3 


20 uJ 


4 


50 U.I 


5 


100 uJ 


6 


200 uJ 


7 



Mixed each tube well and added 300 uJ of purified IgG 3X concentrated in 0.1 M glycine, pH 11 .2, buffer containing 
2 ng/ml fluorescein isothiocyanate (FITC) to each tube. All tubes were mixed for one hour at 20°C. then centrrfuged 
at 3600 RPM at20°C for 30 minutes. 

Decanted supematants and washed particles in 5.0 ml 0.5 M glycine in 1 X PBS buffer, pH 7.0. Mixed for 30 minutes 
at 20°C. Centrifuged at 2600 RPM 20°C for 30 minutes. This wash procedure was repeated twice more. 

Particles were stored at 4°C in 5.0 ml 0.5 M glycine in 1X PBS buffer pH 7.0. 

Observations: 

As the amount of glutaraldehyde increased, the number of particles and a more orange color was noticed. 
The particles were repeatedly washed until the supemates appeared clear. 

The final centrifugation yielded pellets that were not fully adhered to the wall of the tube. The supemates had to 
be carefully removed with a disposable pipet and 1.0 ml of buffer was left behind. 

Conclusions: - - 

There is a direct relationship between increasing the amount of glutaraldehyde added to the polymer mixture (48% 
Total polymers) and an increase in the amount of particles formed. The amount of glutaraldehyde (between 2 til and 
200 ui of a 25% aqueous solution) appeared to have no effect on increasing or decreasing particle size. 

Example 9: Preparation and In Vitro Analysis of the Binding of Antl-HCG Monoclonal Antibody Mlcropartfeles 
to lodinated HCG 

This experiment was performed to form human chorionic gonadotropin (HCG) specific monoclonal antibody mi- 
croparticles with a PVP/PEG polymer mixture and different concentrations of glutaraldehyde and to demonstrate the 
ability of the microparticies to bind HCG indicated antigens in an immunoassay. 

Experimental Procedure: 

Thawed out two. one mi samples of purified HCG antibody, prepared according to the metrTods'specrned in Example — 
2. peeled together. Mixed well. Created increasingly smaller percent solutions of glutaraldehyde (from a 25% aqueous 
solution) as set forth below in Table 6. 



Table S: 



Rnal Percent Glutaraldehyde per Tube 


Tube# 


Vol. Glut. 


Vol. Deionized H 2 0 


Final % Glut. 


i 


100 nl 


Oui 


25% 


c 


50 ill 


50 ui 


12.5% 
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Table S: (continued) 



Final Percent Glutaraldehyde per Tube 


Tube# 


Vol. Glut 


Vol. Deionized H 2 0 


Final % Glut 


3 


25 ill 


75 uJ 


6.25% 


Diluted 25% glutaraldehyde with deionized water 1:10. 


4 


100 uJ 


OuJ 


2.5% 


5 


£0 ul 


50 uJ 


1.25% 


6 


25 uJ 


75 uJ 


0.625% 


7 


OuJ 


100 u.l 


0% 



Added 150 uJ of the pooled HCG sample to each tube containing 100 uJ of the percent glutaraldehyde solutions, 
while vortexing. Mixed for 45 minutes at room temperature. 

Added 0.5 ml of the polymer mixture (40% total polymers. pH 6.6), rapidly to each tube and mixed 30 minutes at 
20°C. Centrifuged at 3500 RPM at 4°C for 3 minutes. Decanted supematants. Added 2 mis 0.5 M glycine in 1x PBS 
pH 7.0 to each tube and mixed 30 minutes at 20°C. Centrifuged at 3000 RPM for 30 minutes at 4°C. Decanted super- 
natants and resuspended particles in 2.0 ml 0.5 M glycine in 1X PBS. Mixed well but briefly. Centrifuged at 3000 RPM 
for 30 minutes at 4°C. Repeated wash procedure once more. Placed at 4°C overnight. 

Centrifuged particles at 3000 /rpm at 4°C for 12 minutes. Decanted supernates and resuspended particles in 2.0 
mi 1XP3S. 



Observations: 

A trend in the size of the panicles was noticed. As the glutaraldehyde concentration decreased, the number of 
panicles decreased, but the size of the panicles increased. No particles were observed in tube #7 (control). 

Immunoassay: 

Placed 50 uJ of each sample containing the particles as prepared above into 3 sets of six tubes (A. B & C) (IS 
tubes in all). 

Added 25 til of HCG tracer (iodinated HCG antigen, Becton Dickinson, San Jose. CA) to tubes 1-3 in set A plus 
to a tube containing HCG antibody control for total count. 

Added 25 uJ of follicle stimulating hormone (FSH) tracer (iodinated F3H antigen) to tubes 1-6 in set B plus to a 
tube containing FSH antibody control for total counts. 

Added 25 uJ of Estradiol tracer (iodinated Estradiol antigen) to tubes 1 -6 in set C plus to a tube containing Estradiol 
antibody control for total counts. 

Vortexed all tubes briefly and allowed to stand 60 minutes at room temperature. Added 2.0 mis deionized water 
mixed and centrifuged for 30 minutes at 3000 RFM. Gently decanted tubes (approximately 100 microliters of residual 
water was left behind in the tubes). 

All tubes were counted for 1 minute in a scintillation counter. The results are set forth beiow in Table 9. 



Table 9: 





Binding of Radioactive Antigen to antl-HCG Mlcropartlcle 


Set A 


HCG (cpm) 




Tube # 1 


7410:7- - - - 




2 


10105.9 


so 


3 


12410.9 




4 


11349.3 




5 


7145.4 




5 


11350.2 


ss 


7 


21610.4 Tcial counts 



IS 
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Table 9: (continued) 



Binding of Radioactive Antigen to antl-HCG Mfcropartlcle 


Set B 


FSH 


Tube # 1 


aat.2 


2 


376.9 


3 


422.1 


4 


467.0 


5 


493.5 


5 




7 


31 57.2 Total counts 


Set C 


Estradiol 


Tube # 1 


232.7 


2 


262.1 


3 


225.4 


4 


251.1 


5 


201.3 


6 


189.8 


7 


1 970.3 Total counts 



Conclusion 

As the concentration of glutaraidehyde is decreased, fewer anti-HCG monoclonal antibody microparticies are 
formed, but these particles are larger in size. The anti-HCG microparticies are capable of binding iodinated HCG antigen 
in an immunoassay. The anti-HCG microparticies are not capable of nonspecific binding of other iodinated antigens 
such as FSH and Estradiol in an immunoassay. 

Example 10: Preparation of Tetanus Toxoid Microparticies 

This experiment was performed to prepare tetanus toxoid microparticies with a polymer mixture of PVP and PEG 
and gfutaraidehyde. 

Experimental Procedure: 

Placed 1 .0 mi of a £4% polymer mixture of PVP/PEG into two centrifuge tubes. Added 1 00 ill glutaraidehyde (25% 
aqueous solution) to one tube and 10 uJ of glutaraidehyde to the other and vortexed thoroughly. 

Shot 0.5 ml tetanus toxoid (1 .0 mg/ml) (Dept. of Public Health) into both tubes and vortexed thoroughly. 

Mixed for 4 hours and 15 min at room temperature. Centrifuged at 3000 RPM at 4°C for 30 minutes. Decanted 
supemates and resuspended particles in 2.0 mi of 0.5 M glycine in 1 x PBS buffer. Allowed to stand overnight at 4°C. 

Repeated wash procedure twice more. Particles were finally resuspended in 0,5 mi 1x PBS buffer. 

Observations: 

The reaction containing 100 uJ glutaraidehyde contained more particles than the reaction with TOul giutaraidehyde. 
Particles for both reactions were similar in size. The panicles appear very small to the eye. 

Example 11: Preparation of Bovine Serum Albumin Polymer Microparticies 

This experiment was performed to demonstrate the formation of bovine serum albumin (BSA) microparticies with 
a poiymer mixture of PVP/PEG and giutaraidehyde and to observe the effect of different volumes oi giutaraidehyde 
used in this process. 
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Experimental Procedure: 

Placed 110 mg BS A in 11 ml of 0.1 MTris^base, pH 9.0. Added 11 mgFrTC, adjusted pH to 9.5 with base mixed 
for 30 minutes a 20*C to form fluorescentry labelled BSA. 

Set up 8 tubes each with 1 mi of the polymer mixture (pH 5.0, 4S%.totaI polymers) and added the following amounts 
of glutaraJdehyde (25% aqueous solution) as set forth in Table 10. 



table 10: 



Concentration of GlutaraJdehyde per Tube 


Tube# 


Volume of Glutaraldehyde 


1 


200 uJ 


2 


100 u.1 


3 


50 uJ 


4 


25 u.1 


5 


12 Hi 


5 


6 ill 


7 


3 u.i 


8 


luJ 



Mixed briefly but thoroughly by vortexing. Added 300 mi of BSA-FITC solution. Mixed for 7.5 hours. 
Conclusions: 

Bovine serum albumin micropariicies were formed in each tube. As the glutaraldehyde amount decreased, larger 
size aggregates were formed in addition to small fine particles seen with all volumes of glutaraldehyde (1 uJ to 200 uJ). 
Also, as the glutaraldehyde amount increased the number of the small fine particles increased. 

so Example 12: Preparation of Insulin Microparticiea 

This experiment was performed to prepare insulin microparticles with a polymer mixture of PVP and PEG and 
giutaraidehyde, measure the concentration of microparticles formed, and assay their immunologic activity. 

55 Preparation of Microparticles: 

Placed 30 mg insulin (Sigma Chemical Co.. St. Louis, MO) from bovine pancreas into 3.0 ml of 3 M HC! to solubilize 
the desiccated insulin. Adjusted pH to between 6.4 and 9.0 using 25 uJ increments of 2 N NaOH. 

Placed a 1.0 ml aliquot of a 54% polymer mixture of PVP/PEG. pH 5.0, into three centrifuge tubes. Added the 
-0 following amounts of glutaraldehyde (Grade II, 25% aqueous solution, Sigma Chemical Co.. St. Louis. MO) to each 
tube: 25 uJ glutaraldehyde in tube A. 50 ud glutaraldehyde in tube 6. 100 ul glutaraldehyde in tube C. 

Added 1 .0 ml of the solubilized insulin to each tube while vortexing. Mixed for 6 to 8 hours at 20° C and allowed to 
stand overnight. 

Washed particles nine times using 5.0 ml of lysine solution. pH 9.4, containing 1 mg/ml sodium azide (10 mg lysine/ 
-s ml deionized water). The washing procedure consisted of adding 5.0 ml lysine solution to the panicles, mixing well but 
briefly. Cenirrfuged at 2300 rpm for 30 minutes at 20°C. Aspirated supernatant and repeated the process. Stored 
"particles" in the lysine solution overnight at 4°C. _ _ 

Centrrfuged particles, aspirated supernatant, and resuspended part teles In 5.0 mlofalx phosphate buffered saline - 
solution. pH 7.0. The pH of each resuspension was as follows: tube A was pH 9.2. tube B was pH 9.2. and tube C was 
30 pH £.8. 

Centrif uged particies. aspirated supernatant, and resuspended particles in 5.0 ml of a 1 x phcsohate buffered saline 
solution. pH 7.0. The pH of each resuspension was as follows: tube A was pH S.0. tube S was pH 7.4. and tube C was 
pH 7.2. 

Csntrifuged panicles, aspirated supernatant, ana resuspencea particles in 5.0 ml of a 1x phosphate buffered saline 
« solution, pH 7.0. The final pH of each resuspension was as (oilows: ;uoe A was pH 7.4. :ube B was pH 7.2. :ube C was 
pH 7.2. 
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Results: 

The particles formed were very small and fine. During centrifugation in the lysine solution, the particles were unable 
to fully compact. After washing with the phosphate buffered saJine solution, particles were able to compact to a greater 
degree and also formed aggregates of particles. 

Tube C had the largest amount of particles. Tube B had more particles than Tube A. Therefore, panicle formation 
increased with the amount of glutaraidehyde added to each tube. 

Sheeo Anti-insulin Peroxidase Assay 

The immunologic activity of the insulin microparticfes was determined by measuring the ability of the microparticles 
to bind anti-sheep insulin in a sheep anti-insulin peroxidase assay. 

Three series of four tubes each were set up. Placed the following volumes of insulin particles from each of Tubes 
A, B and C above into the appropriate tube for each series as shown below in Table 13. 

Added the appropriate amount of ix phosphate buffered saline, pH 7.0. to each tube to achieve a final volume of 
1.0 ml. Mixed all tubes well, but briefly. Added 100 uJ of sheep anti-insulin peroxidase (Biodesign International, Ken- 
nebunkport, ME, 5 mg/ml protein). Mixed well. Incubated tubes at room temperature for 4 hours and ten minutes. 
Placed tubes at 4°C overnight. 

Centrifuged all tubes in all series at 3000 rpm at 20° C for 30 minutes. Carefully removed only 90% of the supernatant 
to prevent accidental loss of particles. Added 1.0 ml of 0.2% Tween™ detergent in be phosphate buffered saline to 
aspirated tubes, and mixed by vortexing. Reacted 100uJ of each supernatant with 0.5 mi the chromogen TM Blue™ 
(tetramethyibenzidine. Center for Diagnostic Products, Milford, MA). All supernatants were positive. Repeated this 
entire wash procedure twice more to remove ail excess, unbound sheep ami -insulin peroxidase. 

After the finaJ wash, 90% of the supernatant was aspirated, and SO uJ of particles removed from each tube and 
reacted with 0.2 mi the TM Blue™ chromogen. 

Results 

The resufts, shown below in Table 1 2, demonstrate that the insulin microparticles are capable of binding anti-sheep 
insulin, which indicates that these particles are immunologically active. 



Table 12: 



Ability of Insulin Particie Formed Using various Amounts of Glutaraidehyde to Bind Anti-sheep Insulin 


Insulin Particles (vol.) 


glutaraidehyde 


25 ui 


50 til 


100 u.1 


100 uJ 
SO u.l 
20 u.l 
10 u.i 




4-M- 
-M- 


■hilt 



Inhibition Assay 



The immunologic activity of the insulin microparticles was determined by measuring the abiiity of the micrcparticies 
to bind anti-sheep insulin in an inhibition assay. 

Two series of 5 tubes-each were^prepared as follows. Placed the following volumes of insulin particles, from re- 
actions A and C above, into the appropriate centrifuge tubes as shown below in Table 14.— — _ _ . 

Added 100 uJ Immunophase Insulin Tracer™ (iodinated insulin, Ciba Coming) to ail tubes in both series. Vortexed. 
Added 1.0 u.l Immunophase 7 * 4 insulin antibody (Ciba Corning). Vortexed. Allowed to siand for 4 hours and 30 minutes 
at room temperature. Centrifuged at 3000 rpm for 30 minutes at 20 3 C. 

Counted tubes in scintillation gamma counter for one minute. 

Results 

The results, shown beiow in Table 13. demonstrate, using an inhibition assay, that the insulin microparticles are 
capable of binding anti-sheep insulin, which indicates mat these* particies are immunologically active. 
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Table 13: 



Ability of Insulin Particle Formed Using Various Amounts of Glutaraldehyde to Bind Anti-sheep Insulin In 

the Presence of Radioactive Insulin 


Insulin Particles (vof.) 


cpm 


Reaction A 


Reaction B 


IOOjiI 


4235.5 


1266.0 


50 uJ 


1460.1 


1594.5 


25 uJ 


1573.6 


1724.0 


10 uJ 


1953.4 


2291.6 


0 u.i 


3192.6 


3119.6 



Example 13: immunization of Mice with Tetanus Toxoid Microparticies 



This experiment was performed to determine the in vivo effects of immunization with tetanus toxoid microparticies. 
The procedures, results and conclusions of the experiment are as follows: 

Procedures 

Tetanus toxoid microparticies were prepared as generally described above in Example 10 as follows: 

A 27% solution of each polymer, polyvinylpyrrolidone (MW 40,000) and polyethylene glycol (MW 3500), obtained 
from Sigma. SL Louis, MO, was prepared by adding 27 grams of polymer to 100 ml of distilled water. Trie pH of each 
polymer solution was adjusted to a pH of approximately 6.25. The polymer solutions were mixed 1:1 to create a PVP/ 
PEG poiymer mixture (54% total pofymers). 

100 ui of a 5.0% glutaraldehyde (Sigma, St. Louis, MO) solution, in deionized water, was added to 1.0 mi of the 
P VP/PEG polymer mixture and vortexed thoroughly 

0.5 mi of tetanus toxoid (1.0 mg/ml), obtained from the Dept. of Public Hearth were added to the PVP/PEG-giutar- . 
aldehyde mixture and vortexed thoroughly. 

The combination was mixed for 4 hours and 15 minutes at room temperature and then centrrfuged at 3000 RPM 
at 4°C for 30 minutes. Supematants were decanted, particles resuspended in 2.0 mi of 0.5 M glycine in 1 x PBS buffer 
and allowed to stand overnight at 4° C. 

The wash procedure was repeated twice more. Tetanus toxoid particles were finally resuspended in 0:5 ml Ix PBS 
buffer. The particles had a particle size of between approximately 50 and 100 microns. 

A group of thirty-two mice were each injected subcutaneously, following FDA protocol, with a primary dose con- 
taining 2 (ig of the tetanus toxoid particles. A secondary injection containing 2 jig of the tetanus toxoid panicles was 
administered seven weeks after the primary injection. Blood samples were taken from the mice at 2, 4, 5, 3. and 10 
weeks after primary injection and antibody titers in the blood were determined by immunoassay. Mice were challenged 
with a lethal dose of tetanus toxoid fourteen weeks after the primary injection. 

Results 

As shown Figure 2. antiboay titers increased from aoproximately- 10, at 4 weeks after primary injection, to approx- 
imately 3000. at 1 0 weeks after primary injection. The dotted line indicates titers conferring 2 antitoxin units of protection 
from tetanus toxoid. Titers above the dotted line indicate a positive immune response, according to FDA standards. 
Therefore, as shown in the Figure 2. the.micejhad a positive immune response as early as four weeks after injection 
with the tetanus toxoid microparticies. The increase in antibody titerlrom~fdur to terT weeks indicates ihaHhe micro- 
particies may be providing slow release of the tetanus toxoid antigen. 

100% of the mice survived after challenge with the lethal dose of tetanus toxoid administered at founeen weeks. 
This survival rate indicates a sircng immune response conferring protection against tetanus toxoid. 

At the conclusion of the experiment, all of the mice appeared healthy. There was no noticeable inflammation or 
scarring at the site of injection and no significant weight loss after inoculation. Therefore, the tetanus toxoid micropar- 
lides were generally non-toxic when admin istereo suocuianeouslv. 

This experiment provides in vivo data showing that administration of tetanus toxoid micropanicfes. prepared in 
accordance with the method described above, provides a slow release of tetanus toxoid antigen, causes a positive 
immune response, and protects against lethal challenge by tetanus toxoid in the absence of adverse effects. 
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Example 14: Preparation of Albumin Microparticies Using Linear Polymers and Heat 

This experiment was performed to prepare albumin microparticies by incubating albumin with polymer mixtures of 
PVP and PEG at various temperatures. 

Experimental Procedure: 

Placed into each of four reaction tubes 1.0 mi of a bovine serum albumin-FITC solution containing 1% bovine 
serum albumin (BSA) plus 10 uJ dialyzed fluorescein isothiocyanate (FUC) albumin. Added 2.0 ml of a poiymer mixture 
containing 6.0% PVP and 20% PEG in 0.1 M sodium acetate, pH 5.0 to each tube while vortexing. 

Reaction 1 was mixed at room temperature for 1 .5 hours. Reaction 2 was mixed at room temperature for 20 minutes, 
then incubated in a 53°C water bath for 30 minutes. Reaction 3 was immediately placed in a 58° C water bath for 30 
minutes. Reaction 4 was mixed at room temperature for 30 minutes, then incubated in a 37°C water bath for 30 minutes, 
then incubated in a 5S*C water bath for 30 minutes. 

Added 2.0 ml 10% ethanol to each reaction mixture and mixed briefly. Centrrfuged for 30 minutes at 3000 rpm at 
20°C. Carefully aspirated supematants. Resuspended precipitants in 2.0 mi ethanol. Reaction mixture 1 was clear 
while 2, 3 and 4 were ctoudy Cenirifuged and resuspended in 2.0 ml deionized water and examined under fluorescent 
microscope. 

Results 

No microparticies were found in reaction mixture 1. Reaction mixture 2 contained non-aggregated microparticies 
between approximately 1 and 10 \vn in diameter. Reaction mixture 3 contained non -aggregated microparticies approx- 
imately 10 urn in diameter with many microparticies less than 1 urn in diameter. Reaction mixture 4 contained non- 
aggregated microparticies between approximately 10 and 25 jim in diameter with some microparticies less than 1 urn 
in diameter. 

Experimental Procedure: 

Placed into each of two series of six reaction tubes 1 .0 ml of a bovine serum aibumin-FITC solution containing 1% 
bovine serum albumin (BSA) plus 10 uJ diaiyzed fluorescein isothiocyanate (FiTC) albumin. Added 0.5 ml, 1.0 ml, 2.0 
mi, 3.0 mi, 4.0 ml, or 5.0 ml of a polymer mixture containing 8.0% PYP (MW 90.000) and 20% PEG (MW 3350), pH 
5.0, to each tube in the Series A while vortexing. Added 0.5 ml, 1.0 ml, 2.0 ml, 3.0 ml, 4.0 ml. or 5.0 mi of a polymer 
mixture containing 20% PVP (MW 40.000) and 20% PEG (MW 3350), pH 5.0, to each tube in Series B while vortexing. 

Allowed reaction mixtures to stand for 30 minutes at room temperature, then placed tubes in a 37-40°C water bath 
for 30 minutes, then transferred tubes to a 56-60°C water bath for 30 minutes. Added 2 ml of 10% ethanol and centri- 
fuged at 3000 rpm for 30 minutes at room temperature. Aspirated supematants and resuspended microparticies in 2.0 
ml of 10% ethanol. Centrifuged again for 15 minutes, resuspended in 2.0 mi deionized water and examined under 
fluorescent microscope. 

Results 

Series A (8.0% FVP/20% PEG1 

The microparticies formed using 0.5 ml of polymer mixture were mostly uniform, having a diameter range between 
1 and 3 um Small clusters were observed. A few large micrcpanicies were seen having a diameter of approximately 
25 um. - - — _ ._ ' ._ 

The microparticies formed using 1.0 ml of polymer mixture Vere less Uniform than those-formed using 0.5 ml 

having a diameter range of between less than 1 and 10 um. Fewer clusters were observed than above. No large 
micrcpanicies were seen. 

The microparticies formed using 2.0 ml of poiymer mixiure were less uniform than those formed using 0.5 ml. 
having a diameter range of beiween less than 1 ana 15 jam. Very few clusters were observed No large microparticies 
were seen. 

The microparticies formed using 3.0 mi of poiymer mixture were less uniform than those formed using 0.5 ml. 
having a diameter range of between less than 1 and 20 um, Very few clusters were observed. No large microoamcies 
were seen. 

The micrcpanicies formed using AO mi of poiymer mrxture were less uniform than those formed using 0.5 mi. 
having a aiameter range of berween iess than 1 and 25 am. No clusters or large micrcpanicies were ooservea. 
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The microparticies farmed using 5.0 ml of polymer mixture were less uniform than those formed using 0.5 ml, 
having a diameter range of betweeb less than 1 and 30 urn. No clusters or large microparticies were observed. 

Series 8 (20% P VP/20% PBG^ 

The microparticies formed using 0. 5 ml of polymer mixture were in the form of small aggregates containing between 
10 and 20 microparticies each having a diameter of less than 1 um. Some large microparticies were observed having 
a diameter of approximately between 5 and 20 um. 

The microparticies formed using 1 .0 ml of polymer mixture were in the form of small aggregates containing between 
10 and £0 microparticies each having a diameter of less than 1 um. Large microparticies having a diameter of approx- 
imately between 5 and 50 um were frequently observed. 

The microparticies formed using 2.0 ml of polymer mixture were in the form of large aggregates containing micro- 
particies that were submicron in diameter. Some microparticies having a diameter of between 1 and 10 um were ob- 
served. 

The microparticies formed using 3.0 ml of polymer mixture were in the form of large and small aggregates. Occa- 
sionally, individual microparticies having a diameter of approximately 5 um were seen. 

The microparticies formed using 4.0 ml of polymer mixture were in the form of small aggregates containing 10-20 
microparticies each having a diameter smaller than those observed when 0.5 ml of polymer mixture was used. No 
individual microparticies were observed. 

The microparticies formed using 5.0 ml of polymer mixture were in the form of small and large aggregates containing 
very small microparticies. No individual microparticies were observed. 

Experimental Procedure: 

Placed into each of seven reaction tubes 1 .0 ml of a bovine serum albumin-PITC solution. Added 0.S ml, 0.75 ml, 
1 .0 ml, 1 .25 mi, 1 .5 ml, 1 .75 mi, or 2.0 mi of a polymer mixture containing 20% PVP (MW 40,000) and 20% PEG (MW 
3350) in 0.1 M sodium acetate, pH 5.0, to each tube while vortexing. 

Allowed reaction mixtures to stand for 30 minutes at room temperature, then placed tubes in a 37 to 40°C water 
bath for 30 minutes, then transferred tubes to a 56 to 60*0 water bath for 30 minutes. Added 2 ml of 10% ethanol and 
centrifuged at 3000 rpm for 30 minutes at 20'C. Aspirated supematants and resuspended microparticies in 2.0 mi of 
10% ethanol. Centrifuged again for 15 minutes, resuspended in 2.0 ml deionized water and examined under a fluo- 
rescent microscope. 

Results - - - 

The microparticies formed using 0.5 mi of polymer mixture were in the form of small aggregates of tiny micropar- 
ticies less than 1 um in diameter with approximately between 10 and 20 per aggregate. Occasionally, larger single 
microparticies having a diameter of between 1 and 10 um were observed. 

The microparticies formed using 0.75 ml of poiymer mixture were in the form of small aggregates with approximately 
between 1 and 10 microparticies per aggregate. Occasionally, larger single microparticies having a diameter or between 
1 and 1 0 um were observed. 

The microparticies formed using 1.0 ml of poiymer mixture formed large adherent aggregates during the 37 to 
40°C incubation. The aggregates contained approximately between i and 5 microparticies per aggregate. Occasionally, 
larger single microparticies having a diameter of between 1 and 10-um were observed. 

The microparticies formed using 1.25 ml of polymer mixture formed aggregates during the 56 to 60°C incubation. 
The aggregates contained approximately between 1 and 5 microparticies per aggregate. Occasionally larger single 
microparticies having a diameter of-between rand.10 um were observed. 

The microparticies formed using 1 .5 ml of polymer mixture formed aggregates dunng the 55"to"60'C incubation. — 
The aggregates contained approximately between 1 and 5 microparticies per aggregate. Several larger, single micro- 
particies having a diameter of between 1 and 10 um were observed. 

The micropanicles formed using 1 .75 ml of polymer mixture formed during the 56 to 60°C incubation. Due to their 
small size, it was difficult to determine whether the micropanicles were present as aggregates. Several larger, single 
microparticies having a diameter of between 1 and 10 um were observed. 

The micropanicles formed using 2.0 ml of poiymer mixture formed large aggregates of 10 to 100 microparticies 
per aggregate. Some single micropanicles having a diameter of 1 um were observed. 

This experiment demonstrated thai albumin microparticies could be prepared by incubating albumin and a PVP/ 
PEG mixture at a temperature between G7°C ana €0°C for approximately 30 minutes. The size of the microparticies 
anc degree oi aggregate formation ccuid be cnanged by altering the composition or volume of the P VP/PEG poivmer 




EP 0 688 429 B1 

mixture added to the albumin. 



Claims 

5 

1. A microparticle composition comprising crosslinked macromolecules in juxtaposition with a dehydrating agent, 
wherein the dehydrating agent is a solution containing polyvinylpyrrolidone and polyethylene glycol and wherein 
the microparticie composition is obtainable by incubating the macromolecule with the dehydrating agent at a tem- 
perature greater than room temperature and/or in the presence of a crosslinking agent for a sufficient amount of 

to time to form microparticles. 

2. The microparticle composition of claim 1 wherein the macromolecule is selected from the group consisting of a 
protein, carbohydrate, polysaccharide, nucleic acid molecule, virus, virus particle, pharmaceutical drug, and mix- 
tures thereof. 

is 

3. The microparticle composition of claim 2 wherein the protein is selected from the group consisting of an immu- 
noglobulin, antigen, and ceil receptor. 

4. The microparticle composition of claim 1 further comprising a therapeutic molecule. 

20 

5. The microparticie composition of claim 4 wherein the therapeutic molecule is selected from the group consisting 
of chemotherapeutic agents, antivirai agents, antibacterial agents, antiparasitic agents, immunosuppressants, cy- 
tokines, hormones, enzymes, and mixtures thereof. 

2S 6, The microparticie composition of claim 1 further comprising a magnetic substance. 

7. The microparticie composition of claim 1 wherein the macromolecule is labelled with a detectable label. 

8. The microparticle composition of ciaim 7 wherein the detectable label is selected -from the group consisting. of a 
JO fluorochrome, chemiluminescent label, magnetic particles, enzyme, enzyme substrate, and a radioactive label. 

9. The microparticle composition of claim 1 wherein the microparticle is stable in vitro and in vivo. 

10. The microparticie composition of ciaim 1 wherein the dehydrating agent is a mixture of the polyvinylpyrrolidone 
having a moiecular weight of approximately *0.000 and polyethylene giycoi having a molecular weight of approx- 
imately 3,500. 

11. The microparticle composition of claim 1 wherein the macromolecules are crosslinked with a compound selected 
from the group consisting of dialdehydes, amines, multivalent ions, multifunctional molecules having an affinity for 

40 specific reactive groups on the macromolecule being crosslinked. N-substituted maleimides, bifunctionai alkyl hal- 

ides, aryl haiides. isccyanates, aliphatic or aromatic dicarboxylic acids, aliphatic or aromatic disulphonic acids, 
bifunctionai imidoesters. and vinyisulphones. which is included in the incubation mixture. 

12. A method for making a microparticle comprising crosslinked macromolecules in juxtaposition with a dehydrating 
J 5 agent, which method comprises the steps of: 

■ ~a)1ncubatinga macromolecule with.a dehydrating agent at a temperature greater than room temperature and/ 
cr in the presence of a crosslinking agent lor a sufficient amount of time to form microparticles. \vherein the 
dehydrating agent is a solution containing polyvinylpyrrolidone and polyethylene glycol, and 
50 b) separating the particies from the incubation mixture. 

1 3. The method of ciaim 1 2 wherein the incubation temperature is greater than or equal to 37*0 and less than or equal 
to S0°C. 

55 14. The method of ciaim 1 2 wherein the incubation mixture is incuoated for between 5 minutes and 24 hours. 

15. The method ol ciaim 12 wherein the incubation temperature is less than or equal to room temperature when a 
crosslinking agent is present. 
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16. The method of claim 1 2 further comprising the step of washing the particles with a buff er which contains a quenching 
reagent 

17. The method of cfaim 12 wherein the incubation step is performed at a pH between 5 and S. 

5 

18. The method of ciaim 1 2 wherein the dehydrating agent is a mixture of poivinyipyrroiidone having a molecuiar weight 
of approximately 40 t 000 and polyethylene glycol having a molecuiar weight of approximately 3,500. 

19. The method of claim 12 wherein the crosslinking agent is selected from the group consisting of diaidehydes, 
io amines, multivalent ions, multifunctional molecules having an affinity for specific reactive groups on the macro- 
molecule being crosslinked, N-substitutedmaleimides. Afunctional alky I hai ides, aryl halides, isocyanates, aliphat- 
ic or aromatic dicarboxylic acids, aliphatic or aromatic disulphonic acids, Afunctional imidoesters, and vinylsul- 
phones. 

is 20. The method of claim 12 wherein the macromolecule is selected from the group consisting of a protein, carbohydrate, 
polysaccharide, nucieic acid molecule, virus, virus particle, pharmaceutical drug, and mixtures thereof. 

21. A method for isolating a target molecule from a complex mixture containing the molecule comprising the steps of: 

20 a) mixing the complex mixture with a rnacromolecular microparticle. having affinity for the target molecule, for 

a sufficient amount of time to allow the target molecule to bind to the macromolecule, 

wherein the microparticle comprises macromolecuies in a liquid phase crosslinked in juxtaposition to a dehy- 
drating agent, wherein the dehydrating agent is a solution containing polyvinylpyrrolidone and polyethylene 
glycol and wherein the microparticle is obtainable by incubating the macromolecule with the dehydrating agent 
25 at a temperature greater than room temperature and/or in the presence of a crosslinking agent for a sufficient 

amount of time to form micropanicies, and 

b) separating the bound target molecule from the complex mixture. 

22. The method of claim 21 wherein the microparticle is immobilized. 

30 

23. The method of ciaim 21 where in the macromolecule is selected from the group consisting of a protein, carbohydrate, 
polysaccharide, nucleic acid molecule, virus, virus particle, pharmaceutical drugs, and mixtures thereof. 

24. The method of claim 21 wherein the target molecule is selected from the group consisting of a protein, carbohydrate, 
3S nucieic acid molecule, virus, and cells. 

25. A method for detecting a target biomolecule in a sample comprising: 

a) combining with the sample a microparticle composition comprising a macromolecule crosslinked in juxta- 
*w position to a dehydrating agent, 'A/herein the dehydrating agent is a solution containing polyvinylpyrrolidone 

and polyethylene glycol, wherein the microparticle composition is obtainable by incubating the macromolecule 
with the dehydrating agent at a temperature greater than room temperature and/or in the presence of a 
crosslinking agent for a sufficient amount of time to form microparticles, and wherein the macromoiecule com- 
prises an affinity molecule specific for the target biomolecule labelled with a detectable imaging agent, and 
•*5 b) detecting the detectable imaging agent. 

26. The method of ciaim~25 wherein the detectable-imaging agent is-.seiectedJrom the group consisting of a fluofo- 
chrome. chemiluminescent label, magnetic panicles, enzyme, enzyme substrate, and a radioactive label. 

=o 27. The method of ciaim 25 wherein the macromolecuies are selected from the group consisting of a protein, carbo- 
hydrate, polysaccharide, nucleic acid molecule, virus, virus particle, and mixtures thereof. 

28. A kit for the preoaration of a microparticie comprising crosslinked macromolecuies in juxtaposition with a dehy- 
drating agent, which kit comprises: 

£5 

a) a dehydrating agent containing a solution of polyvinylpyrrolidone and polyethylene ciycoi and 

b) a crosslinking agent selected from the group consisting of diaidehydes. amines, multivalent ions. N-substi- 
iuted maleimides. Afunctional aikyi halides. aryl halides. isocyanates. aliphatic or aromatic dtcarboxyiic acids. 
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aliphatic or a/omaHc disulphonic acids, bifunctional imidoesters, and vinylsulphones. 

29. The kit of claim 28 further comprising a macromolecuie selected from the group consisting of a protein, carbohy- 
drate, polysaccharide, nucleic acid molecule, vims, virus particle, pharmaceutical drug, and mixtures thereof. 

30. The kit of claim 28 wherein the crosslinking agent is selected from the group consisting of glutaraidehyde, p,p*- 
difluoro-m.m'-dinitrodiphenyisulphone, hexamethylenediisocyanate, n,nM1.3-phenylene)-bis-maleimide, n,n J eth- 
ylene-bis-iodoacetamide; 3,6-bis-(mecurimethyi)-dioxan; bis-diazobenzidine; Woodward's K; bis-oxiranes; dime- 
thyl adipimidate; dimethyl suberimidate; diethyl malonimidate; phenol-2.4-disulphonyl-chloride; divinyisutphone 
and carbodfimidas. 



Patentanspruche 

I. Mikropartikel-Zusammensetzung mit quervernetzten Makromolekfllen nebeneinander mrt einem dehydrierenden 
Mittel, bei der das dehydrierende Mittei eine Losung mit Polyvinylpyrrolidon und Polyethyienglycol ist und bei der 
die Mikropartikel-Zusammensetzung durch inkubation der Makromoiekule mit dem dehydrierenden Mittel bei einer 
Temperatur erzeugt werden kann. die hoher ist, als Zimmertemperatur, und/oder bei Vorhandensein eines quer- 
vemetzenden Mittels fQr eine ausreichend lange Zeit, urn die Mikropartikei zu bilden. 

2- Mikropartikel-Zusammensetzung nach Anspruch 1, bei der das Makromoiekul aus einer Gruppe ausgewahlt ist, 
die Protein, Kohlenhydrat, Polysaccharide, NukleinsauremolekGIe, vlren. Viruspartikel. pharmazeutische Medika- 
mente und Mischungen davon aufweist. 

3. Mikropartikel-Zusammensetzung nach Anspruch 2, bei der das Protein aus einer Gruppe ausgewahlt ist, die Im- 
munoglobulin, Antigen und einen Zeilrezeptor aufweist. 

4. Mikropartikel-Zusammensetzung nach Anspruch 2, die ein therapeutisches Molekul aufweist. 

5. Mikropartikel-Zusammensetzung nach Anspruch 4, bei der das therapeutische Molekule aus einer Gruppe aus- 
gewahlt ist, die chemotherapeutische Mittel, antrviraie Mittel, antibakterieile Mtttel, antiparasitische Mittel, immuno- 

- unterdruckende Mittel, Zytokine, Hormone, Enzyme und Mischungen davon aufweist. 

6. Mikropartikei-Zusammensetzung nach Anspruch 1, die eine magnetische Substanz aufweisL 

7. Mikropartikel-Zusammensetzung nach Anspruch 1 . bei der die Makromoiekule mit einer detektierbaren Markierung 
versahen sind. 

8. Mikropartikel-Zusammensetzung nach Anspruch 7, bei der die detektierbare Markierung aus einer Gruppe aus- 
gewahlt ist. die Fluorcchrom, aine chemiluminescente Markierung, magnetische Partikel, Enzyme, Enzymsubstra- 
te und eine radioaktrve Markierung aufweisL 

9. Mikropartikei-Zusammensetzung nach Anspruch 1, bei der die Mikropartikei in vitro und in vivo stabil sind. 

10. Mikropartikel-Zusammensetzung nach Anspruch 1, bei der das dehydrierende Mittel eine Mischung aus Polyvi- 
nyipyrroiidon mit einem Molekuiargewicht von naherungsweise 40.000 und Polyethyiengrykol mit einem Moleku- 
largewicht von nahe rungs weise 3.500 is U ._ . 

II. Mikropartikel-Zusammensetzung nach Anspruch 1, bei dsr die Makromoiekule mit einer Verbindung quervemetzt 
sind. die aus einer Gruppe ausgewanit ist. die Dialdehyde, Amine, mehrwertige lonen, multifunktionale Molekule 
mrt einer Afflnitat fur spezifische reaktive Gruppen an quervernetzten Makromoiekul en. N-substituierte Maleimide. 
brfunktionaie Alkyihalide. Arylhalide. Isocyanate. alipnaxische oder aromatische dicarboxylische Sauren. aliphati- 
sche oder aromatische disulpnonische Sauren, bifunktionaJe Imidoester und Vinyisulphone aufweist. die in der 
Inkubationsmischung entharten ist. 



12. Verfahren zur Herstellung eines Mi krc pa dike Is mit quervernetzten Makrcmoiekuien. nebeneinander mti einem 
dehydrierenden Mittei. mil folgenden Scnntten: 
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a) Inkubieren eines Makromofekuls mit einem dehydrierenden Mittel bei einer Temperatur, die groBer ist. als 
Zirnmertemperatur und/oder bei Vorhandensein eines quervemetzenden Mitteis fOr eine ausreicnend lange 
Zeit, urn die Mikropartikel zu bilden, wobei das dehydrierende Mittel eine Ldsung ist, die Polyvinyipyrrolidon 
und Polyethylengiycoi aufweist und 

b) Trennen der Partikel von der Inkubationsmischung. 

13. Verfahren nach Anspruch 12, bei dem die Inkubationstemperatur groQer Oder gieich 37°C und kteiner oder gieich 
SO°C ist. 

14. Verfahren nach Anspruch 12, bei dem die Inkubationsmischung fur zwischen 5 Minuten und 24 Stunden inkubiert 
wird. 

15. Verfahren nach Anspruch 12, bei dem die inkubationstemperatur kleiner Oder gieich der Zimmertemperatur ist. 
wenn ein quervemetzendes Mittei vorhanden ist. 

16. Verfahren nach Anspruch 12. das den Schritt des Waschens der Partikel mit einem Puffer aufweist, der ein ab- 
schreckendes Heagens enthaJL 

17. Verfahren nach Anspruch 12, bei dem der inkubationsschritt bei einem pH-Wert von zwischen 5 und S durchgefuhrt 
wird. 



1S. Verfahren nach Anspruch 12. bei dem das dehydrierende Mittel eine Mischung aus Polyvinyfpyrroiidon mit einem 
Moiekuiargewicht von naherungsweise 40.000 und Polyethylengiycoi mit einem Molekulargewicht von naherungs- 
25 weise 3.500 ist. 



19. Verfahren nach Anspruch 12. bei dem das quervernetzende Mittel aus einer Gruppe ausgewahlt ist. die Diaidenyde, 
Amine, mehrwertige lonen, muitifunktlonale Molekule mit einer Affinitat fur spezrfische reaktive Gruppen an den 
quervemetzten Makromofekulen, N-substituierte Maleimide, bifunktionafe Alkylhalide, Aryfhalide, Isocyanatei aii- 

^0 phatische oder aromatische dicarboxylische Sauren, aliphatische Oder aromatiscne disuiphonische Sauren, bi* 

funktionaie Imidoester und Vtnylsulphone aufweist. 

20. Verfahren nach Anspruch 1 2, bei das die Makromoiekul aus einer Gruppe ausgewahlt ist, die ein Protein, Kohlen- 
hydrat. Polysaccharide, Nukleins^uremoiekul, Virus, Vlruspartikel, pharmazeutisches Medikament und Mischun- 

w5 gen davon aufweist. 

21. Verfahren zum Isoiieren eines Zielmolekuls aus einer Komplexmischung, die das Molekul enthait, mit folgenden 
Schritten: 

*o a) Mischen der Komplexmischung mit einem makromolekuiaren Mikropartikel mit einer Affinitat fur das Ziei- 

molekul fur eine ausreicnend lange Zeit, damtt sich das Zieimolekul an das Makromoiekul binden kann, wobei 
das Mikropanikel Makromoiekule in einer flussigen Phase aufweist. die nebeneinander mit einem dehydrie- 
renden Mittei quervemetzt sind. wobei das quervernetzende Mittel eine Losung ist, die Polyvinyipyrrolidon 
und Polyethylengiycoi aufweist und wobei das Mikropartikel durch Inkubauon des Makrcmclekuls mrt dem 
dehydrierenden Mittel bei einer Temperatur erzeugt werden kann, die richer ist. ais Zimmertemperatur, und/ 

-oder -beLVorhandensein eines quervemetzenden Mitteis fur eine ausreicnend lance Zeit. um die Mikropartikel 

zu bilden. und ~ - -- -- _ 

b) Trennen der gebundenen ZielmoiekOle von der Komplexmischung. 

so 

22. Verfahren nach Anspruch 21 . bei dem das Mikropartikel immobiiisiert ist. 

23. Verfahren nach Anspruch 22. bei dem das mag scmolekul aus einer Gruppe ausgewahlt ist, die ein Protein. Kch- 
tennydrat. Polysaccharide, Nukleinsauremoiekul. Virus, vlruspartikel. pharmazeutische Medikamenie und Mi- 
schungen davon aufweist. 

24. Verfahren nach Anspruch 21, bei dem das Zieimolekul aus einer Gruppe ausgewahlt ist. die ein Protein, Kchlen- 
hydrat, Nukieinsauremolekui. Virus und Zellen aufweist. 
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25. Verfahren zum Erfassen eines Zielbiomolekuls in einer Probe mit folgenden Schritten: 

a) Kombinieren der Probe mrt einer Mikropartikel-Zusammensetzung, die ein Makromolekul aufweist das 
nebeneinander mrt einem dehydrierenden Mittel quervemetzt ist, wobei das dehydrierende Mittel eine Losung 
ist. die PotyvinylpyrroIkJon und Pofyethylengtycol aufweist, wobei die Mikropartikel-Zusammensetzung durch 
Inkubation des Makromolekuls mit dem dehydrierenden Mittel bei einer Temperatur, die hdher ist, als Zimmer- 
temperatur, undfoder bei Vortiandensein eines quervemetzenden Mrttels fur eine ausreichend lange Zeit um 
die Mikropartikelzu biiden, erzeugt werden kann, und wobei das Makromolekul ein Affinitatsmolekul aufweist, 
das spezifisch fur das mit einem detektierbaren abbildenden Mittel markierie Zielbiomoiekul ist und 

b) Erfassen des detektierbaren abbildenden Mittels. 

26. Verfabren nach Anspruch 25, bet dem das detektierbare abbildende Mittel aus einer Gruppe ausgewanlt ist, die 
ein Fluorochrom, eine cbemiiuminescente Markierung, magnetische Partikel, Enzyme, Enzymsubstrate und eine 
radioaktive Markierung aufweist 

27. Verfabren nach Ansprucb 25, bei dem die Makromolekule aus einer Gruppe ausgewanlt sind, die ein Protein, 
Kohlenhydrat, Polysaccharide, Nukieinsauremolekfjl, Virus, Viruspartikel, und Mischungen davon aufweist. 

28. Satz zur Zubereitung eines Mikropartikels mit quervemetzten Makromolekuten nebeneinander mit einem dehy- 
drierenden Mittel, mit 

a) einem dehydrierenden Mittel mit einer Losung aus Polyvinylpyrrolidon und Polyethylengiycoi und 

b) einem quervemetzenden Mittel, das aus einer Gruppe ausgewanlt ist. die Dialdehyde, Amine, mehrwertige 
lonen. N-substrtuierte Maleimide. bifunktionale Alkylhalide, Arylhaiide, Jsocyanate, aliphatische oder aroma- 
tische dicarboxylische Sauren, aliphatische oder aromatische disulphonische Sauren, bifunktionale Imidoester 
und Vinylsulphone aufweist 

29. Satz nach Anspruch 28, derf emer ein Makromolekul aufweist das aus einer Gruppe ausgewanlt ist die ein Protein, 
Kohlenhydrat, Polysaccharide, Nukieinsauremolekul, Virus, Viruspartikel, phanmazeutisches Medikament und Mi- 
schungen.davon umfaflt 

30. Satz nach Anspruch 2S, bei dem das quervemetzende Mittel aus einer Gruppe ausgewanlt ist. die Glutaraldehyde, 
p.p'-difluoro-m.m'-dinrtro diphenyl sulphone. hexamethylen diisozyanate, n,n'-<1,3-phenylen)-bi5-rnaleimide. n, 
n'ethylen-bis-iodoacetamide: 3,6-bis-(mecurimethyl)-dioxan: bis-dtazobenzidine: Woodward's K; bis-oxiranes: Di- 
methyl adipimidate: Dimeihyl suberimidate: Diethyl malontmidate: Phenoi-2,4-disulphonylchloride; Diviny (sulpho- 
ne und Carbodiimide aufweist 



Hevendlcatlons 

1. Une composition de microparticuies comprenant des macromolecules reticulees en juxtaposition avec un agent 
deshydratant dans laquelle I'agent deshydratant est une solution contenant de la polyvinylpyrrolidone et du po- 
lyethylenegiycoi et dans laquelle la composition de micrcpanicuies peut s'obtenir en faisant incuber la macromo- 

I6cule ayec fagejit deshydratant a une temperature superieure a la temperature ambianie et/ou en presence cfun 

agent reticulant pendant une periode de temps surflsante pour former des microparticuies. 

2. La composition de microparticuies selon (a revendication 1, dans faqueile la mscramolecule est choisie dans le 
groupe constitue par une proteine. un hydrate de carbone, un polysaccharide, une molecule d'acide nucl6ique. 
un virus, une particule de virus, un medicament pharmaceutique et un de leurs melanges. 

3. La composition de micropantcules selon la revendication 2. dans laquelle ta proteine est choisie dans le groupe 
constitue par une immunogiobuiine. un antigene et un recepteur ceilulaire. 

4. La corricosition de microoarticuies de (a revendication 1, comprenant au surplus une molecule therapeutique. 

5. La composition de micrcpanicuies seicn la revendication 4. dans laquelle la moiecule therapeutique est choisie 
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dans le groupa constitues par ies agents chimiotherapeutiques, les agents antiviraux, les agents antibacteriens, 
les agents antiparasitaires, les immunosupresseurs, las cytocines. les hormones, (as enzymes at leurs melanges. 

6. La composition de micnoparticules de la revendication 1 , comprenant au surplus une substance magnetique. 

7. La composition da microparticuies de la revendication 1 , dans laquelle la macromoiecule est marquee au moyen 
d'un label detectable. 

8. La composition de microparticuies selon la revendication 7, dans laquelle le label detectable est choisi dans le 
groupe constitue par un fluorochrome, un label chimioluminescent. des particules magnetiques, une enzyme, un 
substrat d'enzyme et un label radioactif. 

9. La composition da microparticuies de la revendication 1 , dans laquelle la microparticule est stable in vitro et in vivo. 

10. La composition de microparticuies seion la revendication 1 , dans laquelle I'agent deshydratant est un melange de 
la polyvinylpyrrolidone ayant un poids moleculaire d'approximativement 40.000 et de poiyethyleneglycoi ayant un 
poids moleculaire d'approximativement 3.500. 

11. La composition de microparticuies de la revendication 1, dans laquelle les macromolecules sont reticulees avec 
un compose choisi dans le groupe constitue par lea diaiddhydes, les amines, les ions multivalents, les molecules 
multifonctionneiles ayant une affinite" pour des groupes reactifs specifiques de la macromoiecule a reticular, tes 
maleimides substitutes, les halogenures cTaikyle bifonctionnete, les halogenures cfaryle, les isocyanates, les aci- 
des dicarboxyliques aliphatiques ou aromatiques, les acides dlsulfoniques allphatiques ou aromatiques, les imi- 
doesters bifonctionnels. et les vinylsulfones qui sont incfus dans le melange d'incubation. 

12. Une methode pour la preparation d'une microparticule comprenant des macromolecules en juxtaposition avec un 
agent deshydratant. cette methode comprenant les eta pes consistant a : 

a/ f aire incuber une macromoiecule avec un agent deshydratant a une temperature superieure a la temperature 
ambiante et/ou en presence d'un agent reticulant pendant une periode de temps suffisante pour former des 
microparticuies, Tagent deshydratant 6tant une solution contenant une polyvinylpyrrolidone et un polyethyle- 
- n e glycol, et . 

b/ separer ies particules du melange d'incubation^ - - . — 

13. La methode de la revendication 12, dans laquelle la temperature d'incubation est superieure ou egale a 37* C et 
inferieure ou egaJe a 50°C. 

14. La methode de la revendication 12. dans laquelle on fait incuber le melange d'incubation pendant une periode 
comprise entre 5 minutes et 24 heures. 

15. La methode de la revendication 12. dans laquelle la temperature d'incubation est inferieure ou egaie a la tempe- 
rature ambiante quand un agent reticulant est present. 

16. La methode de la revendication 12. comprenant au surplus I'etape consistant a laver les particules avec une 
solution tampon contenant un reactrf de trempe. 

17. La methode de la revendication 1 27 danslaquelle I'etape-dMncubation-est.ccnduite a_un pH ccmpris entre 5 et S. 

13. La methode de la revendication 12. dans laquelle I'agent deshydratant est un melange de polyvinylpyrrolidone 
syant un poids moieculaire d'approximativement ^0.000 et ae poiyethyleneglycci ayant un poids moleculaire d'ap- 
proximativement 3.500. 

19. La methode de fa revendication 12. dans laquelle I'agent reticulant est choisi dans le groupe constitue par Ies 
diaidehydes, les amines, les ions multivalents, les molecules muitifonctionnelles ayant une affinite pour des grou- 
pes reactifs specrfiques de la macromoiecule a reticuier. !es maieimrdes N-subsutuees. les halogenures d'aikyie 
bifcnaionneis. Ies haiogenures a'aryle. les isocyanates. les acides dicarboxyiiques aliphatiaues ou aromatiques. 
les acides disulfoniques aliphatiques ou aromatiques. les imidoesters bifonctionnels et Iss vmyisurfones. 
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20. La methods da fa revendication 1 2 dans laquelle la macromolecuie est choisie dans le groups constrtue par une 
proteins, un hydrate da carbon e, un potyaccharide, une molecule d'acide nucieique, un virus, une particule ds 
virus, un medicament pharmaceutique, et leurs melanges. 

21. Une methods pour isoier une molecule cible d'un melange complexe contenant cette molecule, cette methode 
comprenant Iss stapes consistant a : 

aJ melange r le melange complexe avec une microparticule macromolecuiaire ayant une affinite pour la mole- 
cule cibie pendant une periods de temps suffisante pour permettre a la molecule cibls de ss fixer sur la macro- 
molecule, la microparticule comprenant des macromolscufss en phase liquids rsticuiees en juxtaposition avec 
un agent deshydratant, I'agent deshydratant etant une solution contenant une polyvinylpyrrolidone et un po- 
lyethyfeneglycof. et la microparticule etant obtenue en faisant incuber la macromolecuie avec I'agent deshy- 
dratant a une temperature superieure a la temperature ambiante et/ou en presence d'un agent reticulant pen- 
dant une periode de temps suffrsante pour former des microparticules. et 
b/ separer la molecule cible fixee du melange complexe. 

22. La methode de la revendication 21, dans laquelle la microparticule est immobilises. 

23. La methode de la revendication 21, dans laquelle la microparticule est choisie dans le groupe constrtue par une 
proteins, un hydrate ds carbons, un polysaccharide, une molecule d'acide nucieique, un virus, une particule de 
virus, des medicaments pharmacsutiques et leurs melanges, 

24. La methods ds la revendication 21, dans laquelle la molecule cible est choisie dans Is groupe constrtue par une 
proteins, un hydrate ds carbons, une molecule cfacide nucieique, un virus et des cellules. 

25. Une methode pour detecter une biomolecule cible dans un echantillon, cette methode consistant a : 

a/ combiner avec i'echantillon une composition de microparticules comprenant une macromolecuie reticulee 
en juxtaposition avec un agent deshydratant i'agent deshydratant etant une solution contenant une polyvi- 
nylpyrrolidone et un pofyethyleneglycol, la composition de microparticules pouvant etre obtenue en faisant 
incuber la macromolecuie avec {'agent deshydratant a une temperature superieure a (a temperature ambiante 
- et/ou en presence d'un agent reticulant pendant une periode de temps suffisante pour former des micropar- 
ticuies, la macromolecuie comprenant une molecule a affinite specifique pour la biomolecule cible, marquee 
au moyen d'un agent d'imagerie detectable, et 
□/ detecter I'agent d'imagerie detectable. 

26. La methode de la revendication 25. dans laquelle I'agent d'imagerie detectable est choisi dans le groupe constrtue 
par un fluorochrome, un label chimioiuminescent, des particules magnetiques, une enzyme, un substratd'enzyme 
ec un label radioactif. 

27. La methode de la revendication 25. dans laquelle les macromoiecules sont choisies dans le groupe constrtue par 
une proteine. un hydrate de carbone, un polysaccharide, une molecule d'acide nucieique, un virus, une particule 
de virus, et leurs melanges. 

28. Un materiel pour la preparation d'une microparticule comprenant des macromoiecules reticufees en juxtaposition 
_ _ avec un agent desnydratant, ce materiel comprenant : 

a/ un agent deshydratant contenant une solution de polyvinylpyrrolidone et de poiyethyl6neglycol. et 
b/ un agent reticulant choisi dans le groupe constrtue par fes diald6hydes, les amines, les ions multivalents, 
les maieimides N-substituees. les halogenures d'aikyle bifonctionnets. les halogenures d'aryle. les isocyana- 
tes. les actdes dicarboxyiiques aliphatiques ou aromatiques, les acides disutfoniques afiphatiques ou aroma- 
tiques. ies imidoesters bilonctionneis et les vinylsulfones. 

29. Le materiel de la revendication 2S. comprenant au surplus une macromolecuie choisie dans le groupe ccnstitue 
par une proteine. un hydrate de caroone, un polyaccharide. une molecule o'acide nucieique. un virus, une particule 
de virus, un medicament pharmaceutique et leurs melanges. 

CO. Le materiel de la revendicaiion 28. dans lequel I'agent reticulant est choisi dans le groupe constitue car la gluta- 
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raldShyde, la p, p'-difluoro-m, m'-dinitro diphenylsuffone, le di-isocyanate d'hexamdthylene, la n, n'-O^-phenyfe- 
ne)-bis-maleimide, la n, n'-^thylene-bis-iodoacetamide, le 3.6 bis (mercurimethyl) dioxane, la bis-diazobenzidine, 
la Woodward's K, las bis-oxiranes, Padipimate da dimethyJe, le suberimidate da dimethyle, la malontmidate de 
dtethyle, !e chlorure de phenol-2,4-disulfonyla, la divinylsulfone at las carbo-di-imides. 
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